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= If you consistently use Armco Enameling Iron, you are on 
the air every Sunday night over the coast-to-coast NBC 
Blue Network. Many of the programs feature the phrase: 
“porcelain enameled on Armco Ingot Iron.” Remember that 
in your plant as in the store, Armco Enameling Iron has 
everything it takes. The American Roll- 
ing Mill Company, Middletown, Ohio. 


Armco Ad No. 200C 


CERAMIC BULLETIN... 


CLAY PRODUCT NEWS............... 193 


YOU'RE THE AIR-with ARMCO! 


Here are the Stations 
WBAL WBZA WEBR 
WHAM e WFIL e WGAR 
WJZ WSYR @ WEZ 
WMAL e WSAI @ WIRE 
WXYZ WENR KDKA 
KWK e KOIL @ WMT 
WREN @ KVOD e@ KLO 
KECA @ KFSD e KGO 

KJR KGA KSO 
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PORCELAIN ENAMELS 
OXIDES e CLEANERS 
OPACIFIERS 
GLAZES and SPECIALTIES 


THE PORCELAIN ENAMEL 
and MANUFACTURING CO. 


5602 Eastern Avenue 
Baltimore, Maryland, U. S. A. 


Ceramic Kilns and 
Furnaces 


Complete Equipment 
Designed 
Built 
Operated 


Our broad experience is at your 
service. 


We represent the Ferro Enamel 
Corporation, Cleveland, Ohio, 
as sales agents for its complete and 
successful line of ceramic glazes. 


ALLIED ENGINEERING 
COMPANY 


4150 E. 56th STREET | CLEVELAND, OHIO 


(A SUBSIDIARY OF FERRO ENAMEL 
CORPORATION, CLEVELAND, 0.) 


ELECTRO’S SILICON CARBIDE 


THREE 
SUCCESSFUL REFRACTORIES 
FOR CERAMIC WARE 


Non-Gro Tile 
and Brick for 


Kellogg AA Batts 
for 


Kellogg AA Saggers ( 
for 


Porcelain Enamel Muffles 

Glass Annealing Lehrs 

High thermal conductivity at temperatures 
below 2000° F. 


Biscuit Dinner Ware 

Bisque and Glost Sanitary Ware 
One-Fire Hollow Ware 
Vitrified Porcelain 

All open settings 


Porcelain Dinner Ware 
Electrical Porcelain 
All high temperature closed settings 


We would be pleased to serve you 


Andrews Building 


CORPORATION 
Buffalo, New York. 
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NEW YORK HOLIDAY 
at The Waldorf 


Really enjoy yourself, on your next visit, by stay- 


ing at The Waldorf-Astoria . . . convenient to 
theatres, shops, terminals . . . crosstown buses at 
the door every three minutes .. . a taxi terminal 


within the hotel itself. Never a moment wasted 
with The Waldorf as your headquarters. 

Waldorf restaurants offer a variety of menus 
including popular price meals. Waldorf rooms 
have every modern appointment . . . world-wide 
radio... all-night room service. 


AMERICAN CERAMIC SOCIETY 39th Annual Meeting will be 
held at The Waldorf-Astoria March 21-27, 1937. 


THE 


WALDORF-ASTORIA 


Park Avenue - 49th to 50th - New York 
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Discriminating users 
of ceramic colors 
will ally themselves 
with a progressive 
source of supply. 


Vitro offers the ad- 
vantages of intel- 
ligently directed 
research and a 
highly efficient 
organization. 


VITRO 


CORLISS STATION — PITTSBURGH, PA. 


HII 16 California St. San Francisco, Cal. 


PYRO 


THE ONLY SELF-CONTAINED, DIRECT 
READING, RUGGED and FOOL-PROOF 
INSTRUMENT FOR GLASS AND CE- 
RAMIC PLANTS, LABORATORIES, Etc. 


Unique construction enables operator to 
rapidly determine temperature even on 
minute spots, fast moving objects or the 
smallest streams; no correction charts to 
consult, no accessories, no upkeep. 

New concentrated test mark and ease of 
operation permit unusually close and rapid 
temperature determinations. Its ad- 
vanced features place PYRO in a class 
by itself; it is standard equipment with 
the leading piants in your industry. 

Stock Ranges 1400° to 5500°F. 


PYRO RADIATION PYROMETER 


The ideal instrument for Furnace or Kiln 
use. Gives actual heat of material aside 


from furnace or kiln temperature. 
Does not require a skilled opera- 
tor—strictly automatic. Elimi- 
ae nates personal errors. Always 
ready to tell within a few secends any shortcomings in your 
equipment. Stock Ranges 1000° to 3600°F. 


Write for special bulletins. 


THE PYROMETER INSTRUMENT CO. 
105-109 Lafayette St. New York, N. Y. 
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American Ceramic Society 


Beryllium Oxide. 
P. 


Stable up to its melting 
point 2570°C, 


Can be made into 
refractory shapes and 
articles 


Withstands reducing 
conditions 


Retains high electrical 
insulation at high 
temperatures 


THE BRUSH 
BERYLLIUM COMPANY 
3715 Euclid Ave. 
Cleveland. Ohio 


CLAYS 


BALL CLAYS 
SAGGER CLAYS 
WAD CLAYS 
COMPLETE SAGGER CLAY MIXES 


Write, Phone, or Wire collect for 


Samples and Catalog 


KENTUCKY CLAY MINING COMPAN Y 
MAYFIELD. KENTUCKY 
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CONSIDER THE 
VERSATILITY OF 
TAM HY-OPAX 


So versatile is TAM Hy-Opax that 
many plants are finding it simpler and 
more economical to standardize on 
this one opacifier for practically all 
their work. To stock only TAM Hy- 
Opax is obviously a saving—and by 
using it exclusively the plant becomes 
more familiar and naturally more 
skillful in its application. 


THE TITA 


Bulletin of the 


Price is another advantage of TAM 
Hy-Opax. Not only is it so priced as 
to cut opacifier costs upwards of 50%, 
TAM Hy-Opax does not fluctuate in 
price. Plants know what their opaci- 
fier costs are going to be in the future. 


Noteworthy among the practical mer- 
its of TAM Hy-Opax is its ease of 
application and simplification of color 
matching. It replaces other more ex- 
pensive opacifiers pound for pound 
in most cases, giving an identical or 
better tone lustre and opacity. In 
colors, a reduction of the color oxide 


ZIRCONIUM TITANIUM 
PRODUCTS 


used is often possible to give the 
standard color. 

TAM Glazes, opacified with Hy-Opax, 
are winning much favor among man- 
ufacturers of art pottery, dinner-ware, 
wall tile, terra cotta, glazed brick and 
building blocks and other heavy clay 
products. 

Call in a TAMCO Engineer and let 
him explain how simple it is to adapt 
TAM Hy-Opax to your production 
and the economies that can be effected. 
In serving you, he has the coopera- 
tion of TAMCO'’s extensive facilities 
for research. Write today—you will 
not be under the least obligation. 


UM ALLOY 


MANUFACTURING CO. 


GENERAL OFFICES AND WORKS: NIAGARA FALLS, N. Y., U.S. A. 
REPRESENTATIVES FOR THE SOUTH CENTRAL STATES 


EXECUTIVE OFFICES: 111 BROADWAY, NEW YORK CITY 
G. S. ROBINS & CO., 310 SO. COMMERCIAL ST., ST. LOUIS, MO. 


REPRESENTATIVES FOR THE PACIFIC COAST STATES: L. H. BUTCHER COMPANY, LOS ANGELES, SAN FRANCISCO, PORTLAND, SEATTLE 


REPRESENTATIVES FOR CANADA 


REPRESENTATIVES FOR EUROPE: UNION OX 


PRESCOTT & CO., MONTREAL 


IDE & CHEMICAL CO., LTD., PLANTATION HOUSE, FENCHURCH ST., LONDON, E. C., ENG. 
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Abrasives 

Carborundum Co. 
Aloxite) 

Chicago Vitreous — Products Co. 

The Hommel Co., O., 

Norton Co. (Alundum- 

Air Conditioning 

Engineerin 

Aloxite (Refractory 
Carborundum Co, 

Alumina (Hydrate and Calcined) 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld & Co., B. F. 

Du Pont dé Nemours, & 
R. & H. Chemicals Dept. 

The Hommel Co., O., Inc. 

The Vitro Mfg. Co. 

Alumina (Fused) Brick and Tile 
Electro Refractories & Alloys Corp. 
The Vitro Mfg. Co. 

Aluminum Oxide (Calcine) 

The Hommel Co., O., Inc. 
The Vitro Mfg. Co. 
Aluminum Oxide (Fused) 
‘Carborundum Co. 
Electro Refractories & Alloys Corp. 
Norton Co. 
The Vitro Mfg. Co. 
Alundum (Refractory Products) 
Norton Co. 

Ammonium Bicarbonate 

Du Pont de Nemours, E. I., & Co., 
R. & H. Chemicals Dept. 
Solvay Sales Corp. 

Ammonium Bifluoride 
Drakenfeld & Co., B. F. 

Du Pont de Nemours, & 
R. & H. Chemicals Dept. 

The Hommel Co., O., Inc. 

The Vitro Mfg. Co. 

Ammonium Carbonate 
Ceramic Color & < ae Mfg. Co. 
Drakenfeld & Co., F. 

Du Pont de BE. 1., & Co., 
R. & H. Chemicals Dept. 

The Hommel Co., O., Inc 

The Vitre Mfg. Co. 

Antimony Oxide 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld & Co., B. F. 

Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
The Hommel Co., O., Inc. 
The Vitro Mfg. Co. 
Arches Suspending, and Circu- 
ar 
Simplex Engineering Co. 

Automatic Brick Car Loaders 
Lancaster Iron Works, Inc. 

Bal! Mills 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Hardinge Company, Inc. 

The Hommel Co., O., Inc. 
McDanel Porcelain Co. 
The Vitro Mfg. 

Ball Mills “Type) 

Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Denver Fire Clay Co. 

Hardinge Company, Inc. 

The Hommel Co., O., Inc. 

The Vitro Mfg. Co. 

Barium Carbonate 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld & Co., B. F. 
Du Pont de Nemours, E. I., & Co., Inc., 

R. & H. Chemicals Dept. 
Hammill & Gillespie, Inc. 
The Hommel Co., O., Inc. 
The Vitro Mfg. Co. 

Barytes 
The Seaboard Feldspar Co. 

Batch Systems 
Lancaster Iron Works, Inc. 

Simplex Engineering Co. 

Batts 
Carborundum Co. (‘‘Carbofrax Aloxite’’) 
Denver Fire Clay Co. 

Electro Refractories & Alloys Corp. 
Norton Co. (Alundum-Crystolon) 

Bitstone 
Consolidated Feldspar Corp. 
Potters Supply Co. 

Body Stains 
Du Pont de Nemours, E. I., & Co., 

R. & H. Chemicals Dept. 

Blocks (Refractory) 

Carborundum Co. 

Chicago Vitreous Enamel Product Co. 
Corhart Refractories Co. 

Denver Fire Clay Co. 


Inc., 


Inc., 


Inc., 


Inc., 


Inc., 


(Carborundum and 


Electro Refractories & Alloys Corp. 
Norton Co. 

Pittsburgh Plate Glass Co. 

The Vitro Mfg. Co. 

Borax 
American Potash & Chemical Co. 
Denver Fire Clay Co. 

Drakenfeld & Co., B. F. 

Du Pont de Nemours, E. I., & Ca., Inc., 
R. & H. Chemicals Dept. 

The Hommel Co., O., Inc. 

Pacific Coast Borax Co. 

The Vitro Mfg. Co. 

Borax Glass 
American Potash and Chemical Corp. 
Ceramic Color & Chemical Mfg. Co. 
Denver Fire Clay Co. 

Drakenfeld & Co., B. F. 

Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 

The Hommel Co., O., Inc. 

Pacific Coast Borax Co. 

The Vitro Mfg. Co. 

Boric Acid (Anhydrous) 

Denver Fire Clay Co. 
Drakenfeld & Co., B. F. 
The Hommel Co., O., Inc. 
Pacific Coast Borax Co. 
The Vitro Mfg. Co. 

Boric Acid (Crystal, Granular, or Powder) 
American Potash & Chemical —— 
Ceramic Color & Chemical Mfg. 
Denver Fire Clay Co. 

Drakenfeld & Co., B. F. 
The Hommel Co., O., Inc. 
Pacific Coast Borax Co. 
The Vitro Mfg. Co. 

Boron Carbide 
Norton Co. 

Brick Machines (also Barrows, Molds) 
Lancaster Iron Works, Inc. 

Brick (Refractory) 

Carborundum Co. (‘‘Carbofrax Aloxite’’) 
Chicago Vitreous Enamel Product Co. 
Corhart Refractories Co. 

Denver Fire Clay Co. 

Electro Refractories & Alloys Corp. 
Norton Co. 

The Vitro Mfg. Co. 

Carbofrax (Refractory Products) 
Carborundum Co. 

Carbonates (Barium, Lead) 

Ceramic Color & Chemical Mfg. Co. 

Drakenfeld & Co., B. F. 

Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 

The Hommel Co., O., Inc. 

The Vitro Mfg. Co. 

Castings 
Lancaster Iron Works, Inc. 

Castings (Abrasive Resisting) 
Bethlehem Steel Co. 

Caustic Potash 
Du Pont de Nemours, E. I., 

R. & H. Chemicals Dept. 
Solvay Sales Corp. 

Caustic Soda 
Ceramic Color & Chemical Mfg. Co. 
Denver Fire Clay Co. 

Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 

The Homme! Co., O., Inc. 

Pittsburgh Plate Glass Co. 

Solvay Sales Corp. 

The Vitro Mfg. Co. 

Cements 
Carborundum Co. 

Chicago Vitreous Enamel Product Co. 
Corhart Refractories Co. 

Electro Refractories & Alloys Corp. 
Norton Co. 

Pittsburgh Plate Glass Co. 

Ceramic Chemicals 
Ceramic Color & —— Mfg. Co. 
Drakenfeld & Co., B. 

Du Pont de Nemours, :& Co., Inc:, 
R. & H. Chemicals Dept. 

The Hommel Co., O., In 

Metal & Thermit ‘Corp. 

The Porcelain Enamel and Mfg. Co. 

Titanium Alloy Mfg. Co. 

The Vitro Mfg. Co. 

Chromium Oxide 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Drakenfeld & Co., B. F. 

Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 

The Hommel Co., O., Inc. 

The Vitro Mfg. Co. 

Clay (Ball) 

Ceramic Color & Chemical Mfg. Co. 


& Co., Inc., 


Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Hammill & Gillespie, Inc. 
The Homme! Co., O., Inc. 
Kentucky Clay Mining Co. 
Kentucky-Tennessee Clay Co. 
Paper Makers Importing Co. 
Potters Supply Co. 
Spinks Clay Co., H. C. 
The Vitro Mfg. Co. 
United Clay Mines Corp. 
Clay (Block) 
Du Pont de Nemours, E. I., & Co., Inc 
R. & H. Chemicals Dept. 
Clay (China) 
Ceramic Color & Chemical Mfg. Co. 
Consolidated Feldspar Corp.” 
Edgar Brothers Co. 
Edgar Plastic Kaolin Co. 
Hammill & Gillespie, Inc. 
The Hommel Co., O., Inc. 
Kentucky Clay Mining Co. 
Paper Makers Importing Co. 
The Vitro Mfg. Co. 
United Clay Mines Corp. 
Clay—Cleaners, Feeders 
Lancaster Iron Works, Inc. 
Clay (Electrical, Porcelain) 
Ceramic Color & Chemical Mfg. Co. 
Edgar Brothers Co. 
Edgar Plastic Kaolin Co. 
Hammill & Gillespie, Inc. 
The Hommel Co., O., Inc. 
Kentucky Clay Mining Co. 
Kentucky-Tennessee Clay Co. 
Paper Makers Importing Co. 
Spinks Clay Co., H. 
United Clay Mines Corp. 
Clay (Enamel) 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Edgar Brothers Co. 
Edgar Plastic Kaolin Co. 
Hammill & Gillespie, Inc. 
The Hommel Co., O., Inc., 
Kentucky Clay Mining Co. 
Kentucky-Tennessee Clay Co. 
Metal & Thermit Corp. 
Paper Makers Importing Co. 
The Porcelain Enamel & Mfg. Co 
Spinks Clay Co., H. C. 
Titanium Alloy Mfg. Co. 
The Vitro Mfg. Co. 
United Clay Mines Corp. 
Clay (Fire) 
Denver Fire Clay Co. 
Edgar Brothers Co. 
Edgar Plastic Kaolin Co. 
Kentucky Clay Mining Co. 
Kentucky-Tennessee Clay Co 
Paper Makers Importing Co. 
Pittsburgh Plate Glass Co. 
Potters Supply Co. 
Clay (German Vallendar) 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Hammill & Gillespie, Inc. 
The Hommel Co., O., 
Kentucky Clay Mining Co. 
The Porcelain Enamel & Mfg. Co. 
The Vitro Mfg. Co. 
United Clay Mines Corp. 
Clay Miners 
Edgar Brothers Co. 
Edgar Plastic Kaolin Co. 
Kentucky Clay Mining Co. 
Kentucky-Tennessee Clay Co. 
Paper Makers Co. 
Spinks Clay Co., H. C. 
United Clay Mines Corp. 
Clay (Potters) 
Denver Fire Clay Co. 
Edgar Brothers Co. 
Edgar Plastic Kaolin Co. 
Hammill & Gillespie, Inc. 
The Hommel Co., O., Inc. 
Kentucky Clay Mining Co. 
Paper Makers Importing Co. 
Spinks Clay Co., H. C. 
United Clay Mines Corp. 
Clay (Process Equipment) 
Hardinge Company, Inc. 
Lancaster Iron Works, Inc. 
Clay (Sagger) 
Edgar Brothers Co. 
Edgar Plastic Kaolin Co. 
The Hommel Co., O., Inc, 
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Kentucky Clay Minin 
Kentucky-Tennessee lay Co. 
Paper Makers Importing Co. 
Pittsburgh Glass Co. 
Potters Supp! 
Spinks Clay H. C. 
United Clay Mines Corp. 
Clay (Wad) 
Kentucky Clay Mining Co. 
Kentucky-Tennessee Clay Co. 
Potters Supply Co. 
Spinks Clay Co., 
United Clay Mines ie. 
Clay (Wall Tile) 
Edgar Brothers Co. 
Edgar Plastic Kaolin Co. 
Hammill & Gillespie, Inc. 
Kentucky Clay Mining Co. 
Kentucky-Tennessee Clay Co. 
Paper Makers Co. 
Spinks Clay Co., H. C. 
United Clay Mines Corp. 
Cleaners 
The Porcelain Enamel and Mfg. Co. 
Clocks (Gauge Board 
Chicago Vitreous Enamel Product Co. 
The Hommel Co., O., Inc. 
Cobalt Oxide 
Ceramic Color & <4 Mfg. Co. 
Drakenfeld & Co., B. F. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
The Hommel Co., O., 
The Porcelain Enamel one Mfg. Co. 
The Vitro Mfg. Co. 
Colors 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Drakenfeld & Co., B. F. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
The Hommel Co., O., Inc. 
Pittsburgh Plate Glass Co. 
The Porcelain Enamel and Mfg. Co. 
The Vitro Mfg. Co. 
Cones 
The Edward Orton, Jr., Ceramic Founda- 
tion 
Conveying Equipment 
Lancaster Iron Works, Inc. 
Simplex Engineering Co. 
Corhart 
Corhart Refractories Co. 
Cornwall Stone (Imported) 
Consolidated Corp. 
Drakenfeld & Co., B. F. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Hammill & Gillespie, Inc. 
The Hommel Co., O., on 
Paper Makers Importing Co 
Crucibles (Filter, Melting, 
Carborundum Co. 
Denver Fire Clay Co. 
Norton 
Pittsburgh Plate Glass Co. 
Potters ply Co. 
Crushers (Clay), 
Lancaster Iron Works, Inc. 
Products) 


Cullet, CWeahing Plants, Incinerators, Crushers 
Simplex Engineering Co. 

Decorating Supplies 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Drakenfeld & Co., B. F. 

Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 

The Hommel Co., O., Inc. 

Pittsburgh Plate Glass Co. 

The Vitro Mfg. Co. 

Disintegrators 
Hardinge Company, Inc. 

Lancaster Iron Works, Inc. 

Dryer (Pipe Rack) 

Lancaster Iron Works, Inc. 

Drying Machinery 
Lancaster coon Works, Inc. 

Proctor & Schwartz, Inc. 
Simplex Engineering Co. 

Biectrecast Refractories 
Corhart Refractories Co. 

Enameling Equipment (Complete) 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
The Hommel Co., O., Inc. 

Simplex Engineering Co. 
The Vitro Mfg. Co. 

Enameling Furnaces 
Carborundum Co. 

Ceramic Color & Chemical Mfg. Co. 


Chicago Vitreous Enamel Product Co. 
Electro Refractories & = Corp. 
The Hommel Co., O., 
Lancaster Iron Works, ie. 
Norton Co. 
Enameling Iron (Sheet) 
American Rolling Mill Co. 
Bethlehem Steel Co. 

Enameling Muffies 
Bethlehem Steel Co. 

Carborundum Co. (Carbofrax) 
Chicago Vitreous Enamel Product Co. 
Electro Refractories & Alloys Corp. 
Norton Co. (Alundum) 

Pittsburgh Plate Glass Co. 

Simplex Engineering Co. 

Enameling (Practical Service) 

Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
The Hommel Co., O., Inc. 

Metal & Thermit ‘Corp 

The Porcelain ahead & Mfg. Co. 
Titanium Alloy Mfg. Co. 

The Vitro Mfg. Co. 

Enamels 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Du Pont de Nemours, E. I., & Co., Inc., 

R. & H. Chemicals Dept. 
The Hommel Co., O., Inc. 
Pittsburgh Plate Glass Co. 
The Porcelain — and Mfg. Co. 
The Vitro Mfg. Co 

Enamel Oxide 
Du Pont de Nemours, E. I., & Co., Inc 

R. & H. Chemicals Dept. 

Enamels (Porcelain) 

Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
The Hommel Co., O., Inc. 

The Porcelain Ename! & Mfg. Co. 
Titanium Alloy Mfg. Co. 

The Vitro Mfg. Co. 

Equipment (Porcelain Enameling) 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
The DeVilbiss Co. 

Hardinge Company, Inc. 
The Hommel Co., O., Inc. 

Exhaust Systems 
The DeVilbiss Co. 

Feldspar 
Ceramic Color & Chemical Mfg. Co. 
Consolidated Feldspar Corp. 

Du Pont de Nemours, E. I., & Co., Inc 
R. & H. Chemicals Dept. 

The Hommel Co., O., Inc. 

Paper Makers Importing Co. 

The Porcelain Enamel and Mfg. Co 

The Seaboard Feldspar Co. 

The Vitro Mfg. Co. 

Fire Brick 

Carborundum Co. 

Corhart Refractories Co. 

Denver Fire Clay Co. 

Electro Refractories & Alloys Corp. 
Norton Co. 

Fire Brick—Process Equipment 
Lancaster Iron Works, Inc. 

Fire Clay 
Kentucky Clay Mining Co. 

Spinks Clay Co., H. C. 

Flint 
Ceramic Color & Chemical Mfg. Co. 
Consolidated Feldspar Corp. 

Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 

The Hommel Co., O., Inc. 

Paper Makers Importing Co. 

The Porcelain Enamel and Mfg. Co. 

Flint Pebbles 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Consolidated Feldspar Corp. 

The Hommel Co., O., Inc. 

The Vitro Mfg. Co, 
Floors (Non-Slip) 

Norton Co. 

French Flint 
Consolidated Feldspar Corp. 

Paper Makers Importing Co. 

Frit 
Allied Engineering Co. 

Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
The Hommel Co., O., Inc. 

Porcelain Enamel & Mfg. Co. 
Titanium Alloy Mfg. Co. 

The Vitro Mfg. Co. 

Fuel Oil Systems and Control, Stokers 
Bethlehem Steel Co. 

Simplex Engineering Co. 


Furnaces 
Allied Engineering Co. 
Carborundum Co. (Carboradiant) 
Chicago Vitreous Enamel Product Co. 
Denver Fire Clay Co. 
The Hommel Co., O., Inc. 
Simplex Engineering Co. 
Glass Bending Ovens, Glass Decorating Ma- 
chines 
Simplex Engineering Co. 
Glass Equipment 
Hartford-Empire Co. 
Lancaster Iron Works, Inc. 
Glass Melting Pots (Open and Covered) 
Pittsburgh Plate Glass Co. 
Glass Melting Tanks and Furnaces 
Pittsburgh Plate Glass Co. 
Simplex Engineering Co. 
Glass Thickness Gauge 
Bausch & Lomb Optical Co. 
Glaze and Body Spar 
Ceramic Color & Chemical Mfg. Co. 
Consolidated Feldspar Corp. 
Du Pont de Nemours, E. 1., & Co., Inc., 
R. & H. Chemicals Dept. 
The Hommel Co., O., Inc. 
Paper Makers Importing Co. 
The Porcelain Enamel and Mfg. Co. 
The Vitro Mfg. Co. 
Glazes and Enamels 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Drakenfeld & Co., B. F. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. H. Chemicals — 
The Hommel Co., O., 
Richardson Co. of Indiana, 


In 
The Posestabe Enamel & Mfg. Co. 
Titanium Alloy Mfg. Co. 
The Vitro Mfg. Co. 
Glaze Spar 
Ceramic Color & Chemical Mfg. Co. 
Consolidated Feldspar Corp. 
Du Pont de Nemours, E. 1., & Co., Inec., 
R. & H. Chemicals Dept. 
The Hommel Co., O., Inc. 
Paper Makers Importing Co. 
Goggles 
Willson Products, Inc. 
Gold 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld & Co., B. F. 
Du Pont de Nemours, E. I., & Co., Inc. 
R. H. & Chemicals Dept. 
The Hommel Co., O., Inc. 
The Vitro Mfg. Dept. 
Gold Decorations 
Du Pont de Nemours, E. I., & Co., Ine., 
R. & H. Chemicals Co. 
Granulators 
Hardinge Company, Inc. 
Lancaster Iron Works, Inc. 
Grinding Wheels 
Carborundum Co. (Carborundum and 
Aloxite) 
Chicago Vitreous Enamel Product Co. 
Norton Co. (Alundum-Crystolon) 
Hearths 
Carborundum Co. 
(Carbofrax heat treating) 
Corhart Refractories Co. 
Electro Refractories & Alloys Corp. 
Norton Co. (Crystolon) 
Hearths (Fused Al:Os, SiC) 
Electro Refractories & Alloys Corp. 
Hearths (High Aluminous Clay, Electricaliy 
Sintered Aluminum Oxide, Silicon 
Carbide) 
Carborundum Co. 
Norton Co. 
Hose (Air and Fluid) 
The DeVilbiss Co. 
Iron (Enameling) 
American Kolling Mill Co. 
Bethlehem Steel Co. 
Iron Oxide 
Ceramic Color & <a Mfg. Co. 
Drakenfeld & Co., B. F. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
The Hommel Co., O., Inc. 
The Porcelain Enamel and Mfg. Co. 
The Vitro Mfg. Co. 
Kaolin 
Ceramic Color & Chemical Mfg. Co. 
Consolidated Feldspar Corp. 
Edgar Brothers Co. 
Edgar Plastic Kaolin Co. 
Hammill & Gillespie, Inc. 
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The Hommel Co., O., Inc. 
Paper Makers Importing Co. 
United Clay Mines Corp. 
The Vitro Mfg. Co. 

Kellog AA Refractories 

Electro Refractories & Alloys Corp. 

Kilns, China (Decorating) 

Allied Engineering Co. 
Denver Fire Clay Co. 
Drakenfeld & Co., B. F. 
The Hommel Co., O., Inc. 
Simplex Engineering Co. 

Kiln Furniture (Silicon Carbide, Semi-Silicon 
Carbide) 

Electro Refractories & Alloys Corp. 

Kyanite 

Celo Mines, Inc. 
Kryolith 

Ceramic Color & Chemical Mfg. Co. 

Du Pont de Nemours, E. I., & Co., 

R. & H. Chemicals Dept 

The Hommel Co., O., : 

The Vitro Mfg. Co. 
Laboratory Ware 

Norton Co. 

Lehr Tile (High Aluminous Cla 
Sintered Aluminum 
Carbide) 

Carborundum Co. 
Electro Refractories & Alloys Corp 

Lehrs 

Simplex Engineerin 

Lehrs (Electric or Fuel "Freated) 

Simplex Engineering Co. 
Lehr Loaders 
Simplex Engineering Co. 

Linings (Furnace Refractory, Block Refrac- 

tory Plate, Brick and Tile) 
Carborundum Co. 
Chicago Vitreous Enamel Product Co. 
Corhart Refractories Co. 
Denver Fire Clay Co. 
Electro Refractories & Alloys Corp. 
Norton Co. 
Pittsburgh Plate Glass Co. 
The Vitro Mfg. Co 

Magnesia (Fused) 

Electro Refractories & Alloys Corp. 

Magnesia (Sintered, Calcined) 

Drakenfeld & Co., B. F. 

Du Pont de Nemours, E. I., & Co., 
R. & H. Chemicals Dept. 

The Hommel Co., O., Inc. 

Norton Co. 

The Procelain Enamel and Mfg. Co. 

Magnesite 

Ceramic Color & — Mfg. Co. 

Drakenfeld & Co., B. F. 

Du Pont de Nemours, & 
R. & H. Chemicals Dept. 

Hammill & Gillespie, Inc. 

The Hommel Co., O., Inc. 

The Vitro Mfg. Co. 

Manganese 

Ceramic Color & —— Mfg. Co. 

Drakenfeld & Co., 

R. & H. Chemicals Dept. 

Hammill & Gillespie, Inc. 

The Hommel Co., O., Inc. 

The Vitro Mfg. Co. 

Manganese (Oxide) 

Ceramic Color & Chemical Mfg. Co. 
Corhart Refractories Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Masks (Breathing) 
The DeVilbiss Co. 
Willson Products, Inc. 
Metals (Porcelain Enameling) 
American Rolling Mill Co. 
Bethlehem Steel Co. 
Microscopes (Polarizing) 
Bausch & Lomb Optical Co. 
Minerals 
Ceramic Color & <a Mfg. Co. 
Drakenfeld & Co., F. 
Du Pont de Co., 
R. & H. Chemicals Dept. 
Hammill & Gillespie, Inc. 
The Hommel Co., O., Inc. 
The Vitro Mfg. Co. 
Mixers (Batch) 
Lancaster Iron Works, Inc 
Mold Sanders 
Lancaster Iron Works, Inc. 
Muffles (Furnace) 
Allied Engineering Co. 
Carborundum Co. (Carbofrax) 
Chicago Vitreous Enamel Product Co. 
Denver Fire Clay Co 


Inc., 


» Electrically 
xide, Silicon 


Inc., 


Inec., 


Electro Refractories & Alloys Corp. 
Norton Co. 
Pittsburgh Plate Glass Co. 
Simplex Engineering Co. 
Muffles (Laboratory) 
Electro Refractories & Alloys Corp. 
Mullite (Refractories) 
Electro Refractories & Alloys Corp. 
Muriatic Acid 
Denver Fire Clay Co. 
The Hommel Co., O., Inc 
Nitrates (Cobalt, Sodium) 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld & Co., B. F. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals eck: 
The Hommel Co., O., Inc. 
The Vitro Mfg. Co. 
Non-Gro Refractories 
Electro Refractories & Alloys Corp. 
Norbide (Norton Boron Carbide) 
Norton Co. 
Olivine 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Opacifiers 
Ceramic Color & Chemical -_, Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
The Hommel Co., O., Inc. 
Mfg. Co. of Indiana, 
ne. 
Metal & Thermit Corp. 
The Porcelain Enamel & Mfg. Co. 
Titanium Alloy Mfg. Co. 
The Vitro Mfg. Co. 
Overglaze Colors 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Oxides 


Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Drakenfeld & Co., B. F. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Ingram-Richardson Mfg. Co. of Indiana, 
Inc. 
Metal & Thermit Corp. 
Porcelain Enamel & Mfg. Co. 
Titanium Alloy Mfg. Co. 
The Vitro Mfg. Co. 
Palladium Decorations 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Pins 
Chicago Vitreous — Product Co. 
The Hommel Co., O., 
-Richardson of Indiana, 
ne. 
Potters Supply Co. 
Platinum Decorations 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Polariscopes 
Bausch & Lomb Optical Co. 
Simplex Engineering Co. 
Porcelain Enameling Service (Practical) 
American Rolling Mill Co. 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Ename! Product Co. 
Hardinge Company, Inc. 
The Hommel Co., O., Inc. 
The Porcelain Enamel & Mfg. Co. 
Titanium Alloy Mfg. Co. 
The Vitro Mfg. Co. 
Porcelain Enamels 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Ingram-Richardson Mfg. Co. of Indiana, 
I 


ne. 
The Porcelain Enamel & Mfg. Co. 
Titanium Alloy Mfg. Co. 
The Vitro Mfg. Co. 
Potash (Carbonate) 
Ceramic Color & Chemical Mfg. Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
The Hommel Co., O., Inc. 
Solvay Sales Corp. 
The Vitro Mfg. Co. 
Producer Glass Plants 
Simplex Engineering Co. 
Pug Mills 
Lancaster Iron Works, Inc. 
Pyrophyllite 
The Seaboard Feldspar Co. 
Pyrometer Tubes 
Carborundum Co. 
Electro Refractories & Alloys Corp. 
Montgomery Porcelain Products Co. 


Pyrometer Tubes (Refractory and Hard 
Porcelain) 
Denver Fire Clay Co. 
McDanel Refractory Porcelain Co. 
Montgomery Porcelain Products Co. 
Norton Co. 
Pyrometers (Optical, Radiation, Surface, Im- 
mersion, Needle) 
Pyrometer Instrument Co. 
Pyrometric Cones 
The Edward Orton, Jr., Ceramic Founda- 
tion 
Raw Material Handling Equipment 
Simplex Engineering Co. 
Lancaster Iron Works, Inc. 
Refractometers 
Bausch & Lomb Optical Co 
Refractories 
Carborundum Co. 
Corhart Refractories Co. 
Denver Fire Clay Co. 
Electro Refractories & Alloys Corp 
Kentucky-Tennessee Clay Co. 
Norton Co. 
Pittsburgh Plate Glass Co. 
Refractory Materials 
Carborundum Co. 
Chicago Vitreous Enamel Product Co. 
Corhart Refractories Co. 
Denver Fire Clay Co. 
Electro Refractories & Alloys Corp. 
Kentucky-Tennessee Clay C 
Norton Co, 
Pittsburgh Plate Glass Co. 
Titanium Alloy Mfg. Co. 
Represses (Automatic) 
Lancaster Iron Works, Inc. 
Respirators 
Chicago Vitreous Enamel Product Co. 
The DeVilbiss Co. 
The Hommel Co., O. 
Willson Products, Inc. 
Rutile 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld & Co., B. F. 
Du Pont de Nemours, B. 1.,:& Co., ime 
R. & H. Chemicals Dept. 
The Hommel Co., O., Inc 
Metal & Thermit Corp. 
Titanium Alloy Mfg. Co. 
The Vitro Mfg. Co. 
Saggers 
Carborundum Co. 
Electro Refractories & Alloys Corp. 
Norton Co. 
Potters Supply Co. 
Salt Cake 
American Potash & Chemical Co. 
The Hommel Co., O., Inc 
Sandblast Helmets 
Willson Products, Inc. 
Sand Grinder and Sifters 
Lancaster Iron Works, Inc. 
Saponin 
The Hommel Co., O., Inc 
Selenite of Sodium 
Drakenfeld & Co., B. F. 
The Hommel Co., O., Inc, 
The Vitro Mfg. Co. 
Selenium 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld & Co., B. F. 
Du Pont de Nemours, E. 1., & Co., 
R. & H. Chemicals Dept. 
The Hommel Co., O., Inc. 
The Vitro Mfg. Co. 
Sheets (Enameling Iron) 
American Rolling Mill Co. 
Bethlehem Steel Co. 
Silica (Fused) 
Electro Refractories & Alloys Corp. 
The Hommel Co., O., Inc. 
Silicate of Soda 
Ceramic Color & Chemical Mfg. Co. 
Denver Fire Clay Co. 
The Hommel Co., O., Inc 
Silicon Carbide 
Carborundum Co. 
Electro Refractories & Alloys Corp. 
Norton Co. 
Silicon Carbide Firesand 
Carborundum Co. 
Sillimanite Refractories 
Electro Refractories & Alloys Corp. 
Sillimanite (Synthetic) 
Pittsburgh Plate Glass Co. 
Slabs (Furnace) 
Carborundum Co. 
Electro Refractories & Alloys Corp. 
Ingram-Richardson Mfg. Co. of Indiana, 
Inc. 


Inc. 


Inc., 
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Norton Co. 
Pittsburgh Plate Glass Co. 
Soda Ash 
American Potash and Chemical Corp. 
Ceramic Color & Chemical Mfg. Co. 
Denver Fire Clay Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
The Hommel Co., O., Inc 
Pittsburgh Plate Glass Co. 
Solvay Sales Corp. 
The Vitro Mfg. Co. 
Sodium Antimonate 
Ceramic Color & eeeeeet Mfg. Co. 
Drakenfeld & Co., B. F. 
Du Pont de Nemours, E. I., & Cu., Inc., 
R. & H. Chemicals Dept. 
The Hommel Co., O., Inc. 
Metal & Thermit Corp. 
The Vitro Mfg. Co. 
Sodium Fluoride 
Ceramic Color & Chemical Mfg. Co. 
Denver Fire Clay Co. 
Drakenfeld & Co., B. F. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
The Hommel Co., O., Inc. 
The Vitro Mfg. Co. 
Sodium Silica Fluoride 
Ceramic Color & Chemical Mfg. Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
The Hommel Co., O., Inc. 
Soot Blowers 
Simplex Engineering Co. 
Special Machines 
Simplex Engineering Co. 
Spar 
Ceramic Color & Chemical Mfg. Co. 
Consolidated Feldspar Corp. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
The Hommel Co., O., Inc. 
Paper Makers Importing Co. 
The Vitro Mfg. Co. 
Spray Booths 
The DeVilbiss Co. 
Spraying Equipment 
The DeVilbiss Co. 
Spurs 


Potters Supply Co. 
Stacks 
Lancaster Iron Works, Inc. 
Steel Plate Construction 
Bethlehem Steel Co. 
Lancaster Iron Works, Inc. 


Stilts 
Potters Supply Co. 
Sulfuric Acid 
Denver Fire Clay Co. 
The Hommel Co., O., Inc. 
Talc 
Ceramic Color & Chemical Mfg. Co. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
Hammill & Gillespie, Inc. 
The Hommel Co., O., Inc. 
Paper Makers Importing Co. 
Tanks 
Engineering Co. 
Tank Blocks 
Corhart Refractories Co. 
Pittsburgh Plate Glass Co. 
Tanks (Pickle) 
Chicago Vitreous Enamel Product Co. 
The Hommel Co., O., Inc 
Tanks for Raw Material Steel or Concrete 
Bethlehem Steel Co. 
Lancaster Iron Works, Inc. 


rto 
Tile (Muffie) 
Carborundum Co. 
Electro Refractories & Alloys Corp. 
Norton Co. 
Tile (Refractory) 
Carborundum Co. (Carbofrax) 
Chicago Vitreous Enamel Product Co. 
Denver Fire Clay Co. 
Electro Refractories & Alloys Corp. 
Norton Co. 
Fittsbargh Plate Glass Co. 
Tile (Wall) 
Denver Fire Clay Co. 
Tin Oxide 
Ceramic Color & <a Mfg. Co. 
Drakenfeld & Co., B. F. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 
The Hommel Co., O., Inc 
Metal & Thermit Corp. 
The Vitro Mfg. Co. 
Titanium 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld & Co., B. F. 
The Hommel Co., O., Inc. 
Titanium Alloy Mfg. Co. 
The Vitro Mfg. Co. 
Titanium Oxide 
Ceramic Color & ore Mfg. Co. 
Drakenfeld & Co., B. F. 
Du Pont de Nemours, E. I., & Co., Inc., 
R. & H. Chemicals Dept. 


The Hommel Co., O., Inc. 
Metal & Thermit Corp. 
Titanium Alloy Mfg. Co. 
The Vitro Mfg. Co. 
Trucks 
Lancaster Iron Works, Inc. 
Tubes (Insulating) 
Carborundum Co. 
McDanel Refractory Porcelain Co. 
Norton Co. 
Tubes (Pyrometer) 
Carborundum Co. 
Denver Fire Clay Co. 
Electro Refractories & Alloys Corp. 
McDanel Refractory Porcelain Co. 
Montgomery Porcelain Products Co. 
Norton Co. 
Pittsburgh Plate Glass Co. 
Uronium Oxide (Yellow-Orange-Black) 


Du Pont de Nemours, E. I., & Co., Inc., 


R. & H. Chemicals Dept. 
The Vitro Mfg. Co. 
Water Softening Plants 
Simplex Engineering Co. 
Wet Enamel 
Ceramic Color & Chemical Mfg. Co. 
Chicago Vitreous Enamel Product Co. 
The Hommel Co., O., Inc. 
The Porcelain Enamel & Mfg. Co. 
Titanium Alloy Mfg. Co. 
The Vitro Mfg. Co. 
Whiting 
Ceramic Color & Chemical Mfg. Co. 
Drakenfeld & Co., B. F. 


Du Pont de Nemours, E. I., & Co., Inc., 


R. & H. Chemicals Dept. 
Hammill & Gillespie, Inc. 
The Hommel Co., O., Inc. 
Paper Makers Importing Co. 
The Vitro Mfg. Co. 
Winding Drums 
Lancaster Iron Works, Inc. 
Zinc Oxide 
Ceramic Color & Chemical Mfg. Co. 


Du Pont de Nemours, E. I., & Co., Inc., 


R. & H. Chemicals Dept. 
The Hommel Co., O., Inc 
The Vitro Mfg. Co. 
Zirconia 
Ceramic Color & Chemical uae Co. 


Du Pont de Nemours, E. I., & Co., Inc.. 


R. & H. Chemicals Dept. 
The Hommel Co., O., 
Metal & Thermit. 
Titanium Alloy Mfg. Co. 
The Vitro Mfg. Co. 


Representing: 


Carolina China Clay Co. 
Boyd & Sant Clay Co. 
John Sant Company 


North Carolina Feldspar Corp. 


North Carolina Feldspar 
North Carolina China Clay 
Georgia China Clay 
Georgia Saggar Clay 
Pulverized Saggar Grog 


RICHARD C. SANT 


EAST LIVERPOOL, 
OHIO 


Broken Saggars 


Broken Bisque & Porcelain 


WILLSON BAG RESPIRATORS 
Nos. 300 and 400 (Patent applied for) have 
UNITED STATES BUREAU OF MINES APPROVALS 
A Willson style for every dusty operation in the Ceramic Industry. 
WILLSON PRODUCTS, Inc. 


Reading, Pa. 


Tile 
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ECAUSE castings of Bethlehem 88-80 are 
B uniformly tough and hard throughout —free 
from relatively soft, rapidly-wearing centers— 
they grind more material per pound of steel 
bought. Specially developed for abrasive serv- 
ice, 88-80 can be heat-treated to develop the 
high physicals required to handle the job with 
maximum efficiency. Castings can be obtained 


“All THE WAY 


THROGUOGH 


in any degree of hardness up to 500 Brinell. 

All wear is evenly distributed across the sur- 
face of 88-80 castings, assuring efficient operation 
for the full life of the part. Corners are no harder 
than at other places, eliminating the possibility 
of concave wearing and broken edges. 

Muller tires, pan bottoms, crusher-roll shells 
and similar parts of Bethlehem 88-80 are bringing 
about major economies in the brick and clay 
industries. Before you replace any worn parts, 
investigate Bethlehem 88-80 castings thoroughly 

—get all the facts on their proved economy and 
effectiveness asa key tomore efficient operation. 


TINGS 


COMPANY | 


f 
pETHLEHEN 
STEEL 
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Total Gas to Hold 
"Temperature (M) 
"Gas to Hold Tempera- 
ture per Day (M) . 


FUEL PERFORMANCE? 


NE of the questions frequently asked the man- _ period’’—they are for the first 574 consecutive days 
ufacturer of tank blocks is: “‘What kind of of the campaign. + + x 

fuel performance can I expect in connection with Studies of fuel performances in various plants and 

your products?” That, of on various fuels show conclu- 


course, is a question to ask the sively that furnace design and 


*The fuel efficiency of a 
glass furnace isa matter 
of engineering, design and 
operation. It is not a 

; function of the particular 
= type continuous furnace melting 


materials of which its side- 
clear flintsoda-lime glass figures 
walls are constructed. 


ae tank designer and operator— operation are thecontrolling fac- 
= NOT thesupplier of the blocks. * 


But tabulated above are the fuel 


tors in fuel efficiency. We would 
welcome an opportunity to dis- 
¢ figures for a large bridgewall cuss the subject with you. Ad- 
dress: Corhart Refractories Co., 
Incorporated, 16th and Lee Sts., 


Louisville, Ky. In Europe: 


which are more or less typical of 
properly-designed tanks, regardless L’Electro Refractaire, Paris. 
of the materials with which they are constructed. In Japan: Asahi Glass Co., Tokio. 


The sidewalls from doghouse to machines were Cor- . 
ce 
eee The figures are not for some small “‘spot aoe Ne 


CORHART 


ELECTROCAST 
REFRACTORIES 


tinuous Bridgewall Tank | 
‘otal Days Life (todate) . . . . STH to 
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THE BEHAVIOR—AND MISBEHAVIOR—OF GLASS IN TANKS* 


By F. W. PRESTON 


Apologia 

This discussion of phenomena in glass tanks departs 
somewhat from my usual practice. It is a discussion of 
what might be, or what we might expect, rather than a 
record of what we have found by careful observation or 
adequate calculation. It is offered at the recommendation 
of G. V. McCauley and others, who feel that an adequate 
treatment may be many years delayed, and perhaps this 
rather loose treatment, even if it should prove in part or in 
whole to be wrong, may nonetheless be helpful. 

There are a number of published observations on the 
circulation of glass in tanks or of liquids in models of 
tanks; and also on the corrosion of tank walls and floors 
and on other related subjects. As far as I can see, how- 
ever, no one has yet attempted any serious mathematical 
analysis, though the diagrams accompanying Schild’s ar- 
ticle! suggest that more sound theorizing has been done 
on the subject than the text expounds. 

In the absence of any sort of theory, there will always be 
doubt as to how far experimental results are of general 
validity, how far results obtained in one tank are appli- 
cable to all tanks; in the absence of some knowledge as to 
why the phenomena are what they are, we cannot be sure 
they will be the same in any other tank. The phenomena 
are controlled by physical laws and are modified by cir- 
cumstances which we call ‘‘variables’’; but unless we try 
to discover what the physical laws are and what circum- 
stances are variable, and, being variable, influence the phe- 
nomena, the amassing of experimental data cannot pro- 
ceed along scientific lines. We may accumulate a heap of 
brick, but we cannot produce a building. 

An adequate hydrodynamic analysis of the various prob- 
lems is not attempted in this present paper; perhaps the 
treatment may indicate that a serious effort should be 
made to use the resources of hydrodynamic theory on it, 
and it is even possible that some one may be encouraged to 


* Received July 17, 1936. 

1 Adolf Schild, ‘‘Studies on Thermal Flow in Tanks on 
the Basis of Tests with Models,” Glastech. Ber., 11 [9] 305- 
14 (1933). 
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attempt it. For the present, I have used only the most 
elementary mathematical treatment, hoping that it may 
make up for its lack of precision by a greater immediate 
intelligibility. It may lead us to incorrect conclusions 
from its lack of rigor, but I think it suffices to show that 
there are certain surprising phenomena, now known from 
experience, that we ought to have foreseen, and it seems to 
indicate others, which perhaps have not been detected in 
practice. 

Such as it is, I offer it, willing to be corrected by better 
mathematicians or by the results of experiment. 


(1) Some Comments on the Extant Literature 


The literature dealing specifically with the movement of 
glass in tanks is not very extensive; even including the 
literature dealing with experiments on models, a dozen or 
so papers seem to be all that there are. On the otherhand, 
there is a tremendous amount of literature dealing with the 
flow of other liquids, particularly water, or with liquids in 
general. The whole subject of hydrodynamics is con- 
cerned with this, and of course there is in addition a vast 
literature on aerodynamics, which is akin thereto. It is 
impossible to review all the literature that might reason- 
ably be held relevant to the problems posed by a glass 
tank, and in the present state of our knowledge of tanks 
it would not be very profitable even if it were possible. 
We are particularly interested in a fluid several thousand 
times as viscous as water, and in fluids containing gases, in 
the undissolved, or bubbly, state. We have therefore re- 
ferred occasionally to geological and geophysical matters 
where they seemed relevant. For the rest we have re- 
ferred principally to the papers dealing specifically with 
glass or tank models, which are the same references recited 
by other authors. 


Of this literature, some deals with observations on actual 
tanks. These have the disadvantage that, asa rule, only 
the surface currents can be determined by direct observa- 
tion, and even these not very well. The lower currents, 
obtained by inference, are in many cases incorrectly in- 
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ferred, -Thus Gehlhoff:and his assogiates* provided valu- 
able experimental data but seem.toihave jumped to con- 
clusions in trying to interpret them, so that their diagrams 
are inconsistent anc contradictory. Hausner* came much 
nearer to the truth, and it seems remarkable that he could 
have come so close merely by observing the phenomena in a 
tank. Even so, he seems to have failed to make the deep- 
est currents correct or in accord with hydrostatic require- 
ments. 

By far the most conclusive experiments are those of 
Schild,' but these were made on models and not on glass 
tanks. They were made wisely, with regard to the re- 
quirements of dynamical similarity, so that they can be 
used with some confidence to cover many of the phenomena 
in glass tanks. It is, however, impossible to make models 
which meet all the requirements of similarity, for though 
the viscosity and rate of flow be properly chosen to suit the 
reduced size of the model, it is not possible to get the radia- 
tion characteristics into preper relation with the conduc- 
tivity and convection influences; nor, even if this could be 
done, would the results be right in all particulars unless the 
diathermancy (transparency to heat radiation) were 
correctly adjusted, and in that case the liquid used would 
probably be as black as ink and the lower currents invisible. 
Nonetheless, the Schild results are necessarily correct for 
many purposes, and we shall assume their validity unless 
otherwise mentioned. We have in addition the work of 
Flint and Lyle‘ on models and on convection in particular 
circumstances, which illustrate further and more directly 
certain special points. 

The methods of attack on the problem, then, have been 
several, all, necessarily, more or less indirect. Experi- 
ments on models are perhaps the most direct. Gehlhoff 
and others have used floating objects, and measured their 
movement; many glass men have tried this from time to 
time. The difficulty is that the floaters commonly used 
tend to float rather low and give the average current over a 
depth of some inches. There may be contrary currents 
within this depth. Further, the floaters give no informa- 
tion on the deeper currents. Civil engineers working on 
rivers have special floats whose main obstruction to the 
current can be adjusted to any depth, and thus an esti- 
mate may be obtained of the (horizontal component of the) 
current at any level. This ought to be quite possible in a 
glass tank, but it seems to call for several thousand dollars’ 
worth of platinum. 

Gehlhoff measured the temperature of the glass at vari- 
ous depths in various parts of the tanks and tried to deduce 
the currents therefrom; the experimental results are in- 
teresting, but the deductions must be discounted. 


Chemical tracers have been used by Hampton’ and Bow- 


2G. Gehlhoff, W. Schneekloth, and M. Thomas, ‘‘Cur- 
rents and Temperatures in Glass Tanks,’’ Jour. Soc. Glass 
Tech., 15, 12-29 (1931); Ceram. Abs., 10 [8] 553 (1931). 

3H. Hausner, ‘“‘Dependence of Flow in Glass Tanks on 
Furnace Construction and Firing,’’ Glastech. Ber., 11 [7] 
242-48 (p. 244) (1933); Ceram. Abs., 13 [2] 36 (1934). 

‘F. C. Flint and A. K. Lyle, Jr., ““Flow of Glass in 
Tanks,’”’ Jour. Amer. Ceram. Soc., 15 [8] 410-18 (1932). 

5 W. M. Hampton, “Use of Barium Oxide to Study 
Flow of Glass. in Tank Furnaces,” Jour. Soc. Glass Tech., 
15 [59] 251-55 (1931); Ceram. Abs., 11 [2] 87 (1932). 


maker and Cauwood.’ In these two cases, barium oxide 
was added to the fill, and the glass coming out of the feeders 
or working apertures was analyzed. This establishes sev- 
eral points satisfactorily, notably the existence and impor- 
tance of thermal currents, and Bowmaker and Cauwood 
even hazarded a guess as to their geometry. The limita- 
tion of this method, as used up to date, is that samples for 
analysis were taken only at the feeders, and if it had been 
possible to sample the glass at various depths all over the 
tank, much more information could be obtained. This of 
course would be comparable with the principles of ocean- 
sounding, where, by determinations of the salt content, 
oxygen content, and temperature of samples of water at 
various depths over a wide range of the ocean, the existence 
of definite currents from the Antarctic ice, the northern 
Indian Ocean, and so forth, can be established at surprising 
places. Unfortunately for the glass tank, proper ‘‘sound- 
ing’’ or sampling apparatus has not yet been devised. 

McCauley,’ Marden,’ and others have used coloring 
matter, such as cobalt or devitrification tracks, as a tracer 
of currents, but these currents, as pointed out by Flint and 
Lyle‘ may have been currents circulating while the tank 
was being “let out,’”’ rather than the normal steady cur- 
rents. The present writer has used cobalt as a tracer in 
flow spouts and feeders and neighboring parts of the tank 
in full operation, but the zone of the tank in which one dare 
do this is limited. Hausner was able to deduce isotherms, 
and hence infer something about currents, from devitrifica- 
tion bands in the glass; and the present writer has been 
able to trace currents short distances in full operation by 
the presence of siliceous cords. 

There remains one method of attack, on which, appa- 
rently, little has been done directly relating to glass tanks, 
and that is the mathematical route. In the present paper, 
we have confined the mathematical treatment to elemen- 
tary algebra and have tried to eke out the mathematical 
deficiency by reference to experimental results and by 
analogy with other phenomena of nature of a more acces- 
sible character, 


|. Introduction 

Across the north of Africa, for more than two 
thousand miles and separating it from Europe and 
Asia Minor, stretches the Mediterranean Sea. 
The erstwhile well-watered Sahara dried up with 
the passing of the Ice Age in Europe, and the des- 
ert sands now press down upon the coast. In all 
that long coastline, simmering in the heat, only 
one river of consequence, the Nile, brings fresh 
water to the inland sea. The case is nearly as 
bad on the northern shore, where, ringed with 


8 E. J. C. Bowmaker and J. D. Cauwood, “Investiga- 
tion of Flow of Glass in Tank Furnaces by Use of Barium 
Oxide,’”’ Jour. Soc. Glass Tech., 15 [58] 128-40 (1931); Ce- 
ram. Abs., 10 [9] 630 (1931). 

7G. V. McCauley, ‘‘Fundamentals of Heat Flow in 
Molten Glass and in Walls for Use against Glass,’’ Jour. 
Amer. Ceram. Soc., 8 [8] 493-504 (1925). 

8 A. L. Marden, ‘‘Flow Test in Small Glass Tanks,” 
Jour. Soc. Glass Tech., 15 [58] 119-28 (1931); Ceram. Abs., 
10 [10] 685 (1931). 
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mountains, the sea receives equally scanty con- 
tributions. The rivers of Spain flow west to the 
Atlantic, and only the Rhone in France and the 
Po in Italy drain their trivial basins to the thirsty 
sea. And since the evaporation from the sea is so 
much greater than the influx of fresh water from 
the surrounding land, a great tide flows perpetu- 
ally inward through the Straits of Gibraltar, 
bringing in Atlantic water to make up the de- 
ficiency (Fig. 1). 

Very different is the case of the Mediterranean’s 
satellite basin, the Black Sea. Into this much 
smaller lake pour the Danube, the Dniester, the 
Dnieper, and the Don, draining the Alps and Car- 
pathians, from southern Germany to the Balkans, 
and a vast area of the Russian plains. As if that 
were not enough, the Caucasus and the Taurus 
send their contributions, and all this water pours 
into a sea which lies, not hard by the burning 
coasts of Africa, but on the average 500 to 1000 
miles north of it, as close to the frozen fields of 
Moscow as to the blistering sands of Egypt. The 
inflow therefore greatly exceeds the evaporation, 
and a great river flows out from the Black Sea 
through the Bosporus and Dardanelles, into the 
Mediterranean, helping to make up the deficiency 
there. Even this is not sufficient, however, to 
fill the Mediterranean, and the Atlantic water 
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must continue to pour in between the Pillars of 
Hercules. ; 

This was the picture painted for me in my child- 
hood, but obviously it is far too simple. If all 
that fresh water is pouring into the Black Sea and 
pouring out again past the Golden Horn, and this 
has been going on for many thousands of years, 
the Black Sea should be nothing but a fresh-water 
lake like the Great Lakes of America; -as a matter 
of fact it is salt. The explanation is that the 
great river pouring continuously out through the 
Dardanelles is a surface current only. On the 
bottom of the straits another great river of salt 
water from the Mediterranean is pouring back 
into the Black Sea and has been doing it ever since 
the end of the Ice Age (Fig. 2). 

The same thing is true at Gibraltar. A stately 
current sets perennially eastward past the Rock, 
carrying Atlantic water into the Mediterranean, 
but it is a surface current only. Lower down, 
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there is a boiling up of the saltier waters of the 
Mediterranean depths, as they encounter the bar- 
rier of the narrow, and rather shallow Straits, and 
struggle to pour themselves westward along the 
floor of that restricted passage into the open At- 
lantic (Fig. 3). 

These cosmic processes of flow and counter- 
flow in the narrow throats of Constantinople and 
Gibraltar have their counterpart in the currents of 
the glassmakers’ tanks. The fact that there is a 
forward flow through the upper part of the throat 
of a glass tank, and a mighty return flow through 
the lower part of the same throat, has been known 
for some time past (Fig. 4).°. To many, this 
seems to have come as a surprise, though the need 
for it is somewhat self-evident. The present 
writer is not sure that the explanation has been 
given in print, but this may be because the inves- 
tigators thought the matter so self-evident as to 
need no comment. Or it may be that the expla- 

9TI understand that J. C. Hostetter disclosed this at 


the Annual Meeting of .the American Ceramic Society in 
Detroit, Mich., in.1927, but: I.was not present, 
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Melting end (hot) Bridge Working end 


nation has been given, but the present writer has 
not happened-to notice it. In either case, it is 
possibly worth the few comments that appear 
below. 


A typical glass tank with a throat consists 
essentially of two chambers, the melting “‘end’’ 
and the refining “‘end,’’ connected well below the 
surface by the “throat.’’ This “‘throat,’’ in a 
tank having several hundred square feet of melt- 
ing area covering a glass bath 3 or 4 feet deep, may 
itself be an orifice only 18 inches wide and 12 
inches high. This may seem small, but it is rela- 
tively much larger with respect to the tank than 
are the throats of Gibraltar and the Bosporus 
with respect to the Mediterranean. 

The melting end of a tank is kept at perhaps 
2700°F; the refining end reads about 2200°F or 
even less. The glass may not be exactly in equi- 
librium with the furnace temperature, but none- 
theless we have in effect two columns of molten 
glass, of different temperatures and therefore 
probably of different densities, connected by a 
“throat.”’ In the case of the seas and oceans we 
have been considering, we have the same condi- 
tions, except that the difference of density arises 
mainly from difference of salinity (salt-content). 

In Fig. 5, suppose we have two vessels, A and 
B, of water, one hot and the other cold, or one 
fresh and the other salt, so as to get differences of 
density in the two vessels; let us connect them 
with each other by a capillary tube, P;P:, having, 
to all intents and purposes, zero vertical height. 


x 
Q 
A B A B 
Fig.5 Fig. © 


Fics. 5 and 6. 
In this cut, p: and p, should read p; and pe. 


NOTE: 


Let the density of the water in A be p, and in B, 

po. Let the height of water above orifice P; be 

HH, and that above P; be Hp (see Fig. 5), then the 

pressure at P; is 

be, = lb./sq. in. (assuming p; is in lb./cu. in. and H; 
is inches). (1a) 

Similarly for the pressure at Pe, 

Pr, = pelle. (10) 

If these pressures be not equal, water will flow 
through the capillary one way or the other, but 
an equilibrium can be reached if 

= pelle. (1c) 
Then there will be no flow through the capillary, 
and the water levels will stand at different heights 
in vessels A and B. 

With equilibrium established on the tube, P;Po, 
by proper adjustment of the heights, H, and He, 
let us put in another capillary tube, Q,Qe, at a 
different level; in Fig. 6, we have put it in at a 
higher level, distant inches above P,P2. There 
will be no equilibrium then between the ends of the 
Q tube, for the pressure (J7; — Hp)p; at Q, will be 
greater than the pressure (JZ. — Hpo)p2 at Qo. 

Therefore liquid will flow from vessel A to ves- 
sel B through capillary Q. The moment it does 
so, it raises the liquid level in B and reduces it in 
A, and this immediately upsets the balance of 
pressure between the ends of capillary P. Liquid 
flows from Ps: to P;, setting up a circulation, from 
left to right in Q and from right to left in P, and 
this circulation will not cease until 

= and also (1c) 
— Ho) = — Ho). (1d) 

The simultaneous satisfying of these equations 
requires p; = p. and = He; in other words, the 


> 


Sectior. 


Fico. 7. 


% 
q 
A 
Fic. 4. 
4 
] 
| 
| 
4 
j 


The Behavior—and Misbehavior—of Glass in Tanks 


circulation will go on as long as there is any differ- 
ence of density in the two vessels. 

It follows that if, through outside causes, the 
difference of temperature between the two vessels 
is maintained (and thereby a difference of density) 
the circulation will go on indefinitely. In this, of 
course, there is nothing out of the ordinary; it is 
simply an example of the convection-current 
method of heating used in some domestic water 
heaters. 

Now instead of a couple of little capillary tubes 
at different heights, let us connect the two vessels, 
A and B, by a single passage of finite vertical 
height (Fig. 7). This passage may be assumed to 
be very narrow, perpendicular to the plane of the 
paper, so as to offer appreciable resistance to the 
flow of liquid from one vessel to the other— 
enough to stop surges or to prevent us from con- 
sidering the two vessels as essentially one. 

Then the circulating current, which previously 
flowed in two separate capillary tubes, will be 
established within the limits of a single passage 
(see Fig. 7). The conditions here are practically 
those obtaining at a tank throat and are therefore 
worth a little further investigation. 

For the present, we must introduce the as- 
sumption (which will not be true when we come to 
deal with actual tanks) that the different densities 
of the liquids in vessels A and B do not involve 
any differences of viscosity. 

We make the further assumption that the liquid 
in A is of constant density (p;) from top to bottom, 
and that in B is of density (2) from top to bottom. 

We make a third assumption, that the viscosity 
is sufficiently high and the opening sufficiently re- 
stricted, that the rate of flow falls below the 
turbulence limit. In other words, we operate at a 
“Reynolds number,” such that the flow is of the 
stream-line type, and the resistance to flow varies 
as the first power of velocity. 

Figure 8 gives the pressure diagram, showing 
how the (unbalanced) pressure between the ends 
of the connecting passage is distributed over a 
vertical section. At the central level, O, there is 
no unbalanced pressure; above it, the pressure is 
to the right; below it, to the left; and it varies 
according to a straight-line law, 

p=kyor p = — pidy, (2) 
provided y is measured from the level, O, where 
there is no flow, the level at which our equation 
(1c), Hip: = Hops, is satisfied. 


Figure 9 shows how the velocity of flow would be dis- 


x 


-> 
Potential differential Velocity of flow under 
Pressure p=Ky uniform. pressure 


Fig. 8 Fig. 9 


Fics. 8 and 9. 


tributed across the vertical section of the throat, if the 
driving pressure, p, were constant from top to bottom, in- 
stead of varying as it doesin Fig.8. We are here consider- 
ing a case where the side walls of the “‘throat’’ are per- 
fectly frictionless, while the top and bottom of the passage 
offer a normal resistance to flow in their neighborhood. 
This will not be true of the passageway shown in Fig. 7; it 
will be approximately true of the median plane of a typical 
tank throat, which is usually appreciably wider (at least 
when new) than it is high, so that the ends influence the 
flow less than the top and bottom blocks. 

The parabolic distribution of velocity in Fig. 9 may be 
written 

Vy = Umar (1 — y?/h?). (3) 

Where 2h = vertical height of throat. 


Under the varying pressure head actually obtaining, the 
velocity at height y may be obtained by multiplying to- 
gether the data of Figs. 8 and 9, or equations (2) and (3); 
in other words, 


v = Ay(l — y?/h?). (4) 
Where the constant, A, in real life is a complicated thing 
involving the difference of density (p: — 2), viscosity of 


liquid, and the geometry of orifice or throat. 


Equation (4) is a ‘‘cubic,” and its character is more 
easily grasped from the graph in Fig. 10, which shows that 
the flow is zero at O and at the top and bottom of the 
throat (in the one case due to the equalized pressure, and 
in the other two cases due to the drag of the throat blocks), 
while above O the flow is to the right, and below O to the 
left. 

The level at which maximum flow occurs may be ob- 
tained by differentiating equation (4) and equating the 
derivative to zero. It will be found, of course, that the 
levels of maximum flow are given by 

y = +h/V3 or +0.577h. (5) 
If the throat is 12 inches deep, i = 6 inches, and the levels 
of maximum flow are about 3!/, inches above and below 
the central level of the orifice 


In an actual tank there are certain limitations 
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to a strict conformity with equation (5). These 
arise in part from the fact that the viscosity of the 
glass is not, as a matter of fact, equal in the upper 
and lower currents, so that more space is required 
for the lower current than for the upper one; in 
part from the fact that the average throat is not 
much wider than it is high, so that the drag of the 
end blocks is important; in part from the fact 
that throats eat away and their shape changes, 
while the upper (or bridging) block in particular is 
apt to eat out irregularly and offer a lot of resist- 
ance to strictly stream-line flow; and in part to 
the fact that the densities, p,; and p2, are by no 
means constant from top to bottom. But in spite 
of all these things, the general pattern of the flow 
is as we have outlined it. 

The important thing to observe is that the cir- 
culation above described does not depend on the 
withdrawal of glass to machines at the refining end 
of the tank or on the supplying of batch and cullet 
to the melting end. The circulation is of purely 
thermal origin and depends on the fact that the 
refining end is colder than the melting end and 
contains denser glass, which can not be in pressure 
equilibrium (with the hotter glass of the melting 
end) over the whole vertical extent of the throat. 

Before we consider further the currents in the 
throat or the consequences of “‘working”’ the tank 
(7.e., taking finished glass out of it), we may do 
well to consider the consequences of the throat 
current on the circulation of glass in the refining 
end. It is obvious that if the pressure conditions 
demand a flow and counter-flow current in the 
throat, there will also be a circulation of glass well 
out into the refining end. 

Figure 10 deals with this point. As seen in 
longitudinal section, there should be a line or sur- 
face of zero motion extending from O to O;. The 
incoming current of hot glass rises close to the 
bridge wall, completely to the top of the bath, 
travels, at and near the surface, toward the remote 
parts of the refining end (Fig. 11), and then 
slowly sinks. As will be shown later, there is 
reason to doubt whether this current, well-defined 
and stream-lined when it enters the working end, 
persists completely across the working end as a 
single entity. There are strong reasons for sup- 
posing that it becomes unstable and breaks down 
partially into minor turbulences (see page 421). 
But in any case the main current does not go so 
near the side walls as it does to the upper surface, 
for the upper surface offers no particular drag, 


while the walls offer a good deal. Circumnavi- 
gating the point, O,, the current gathers together 
and increases in speed as it once more approaches 
the throat, through which it passes in the main 
counterflow of the lower half. 

The conditions in the throat, postulated in Fig. 
10, are modified in ordinary glass-tank practice 
by the fact that the lower or return current is of 
more viscous glass than the forward current and 
by the greater drag of the bottom blocks, extend- 
ing well beyond the lintel block. The return 
current is therefore sluggish, and as it needs to 
deliver just as much weight of glass as the for- 
ward current, it occupies a greater fraction of the 
total throat area. 

Again, it must be noted that the current rising 
near the bridge wall does not do so because the 
bridge wall is hot; nor does the current fall near 
the walls because they are cold. As a matter of 
fact, every effort is made to cool the bridge wall by 
air or water cooling, but, in spite of this, the main 
current rises near it as a direct consequence of the 
pressure conditions in the throat. It seems to the 
present writer likely that, in a typical commercial 
tank, the glass in the refining end (or that part of it 
which is in active movementor circulation) is losing 
heat mainly by radiation from its upper surface 
and only to a limited extent by side-wall cooling.” 


Il. Extension of Throat Current beyond the Throat 

We have already seen that in the refining end 
the incoming throat current rises promptly to the 
surface. In the melting end, on the other hand, 
the returning throat current tends to hug the 
bottom. It is still losing heat to the bottom 
blocks, and there is nothing to make it rise. As 
will be shown later, in Section XXIV on dia- 
thermancy (p. 427), it can not gain heat di- 
rectly from the flames above, and the only thing 
that finally causes it to rise is the hydrostatic 
pressure of still colder glass from beneath the 
melting batch piles (a cold front) or the mechani- 
cal pressure of the warmer glass behind, which 
tends to ride over it like a warm front." 


10 This ought, of course, to be more particularly the case 
with insulated side walls, on which some investigators set 
great store. I am told that the circulation can be changed 
a great deal by insulating or chilling the side walls, but in all 
probability a second more subtle factor here intervenes. 
If too much heat is lost through the side walls, the roof 
must be heated up to maintain the working-end tempera- 
ture, and a totally different steady state becomes possible. 

11 These meteorological terms seem warranted by a cer- 
tain degree of resemblance and are here introduced as 
analogies that may prove useful to those familiar with the 
subject. 
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For the moment we are not in a position to re- 
solve these complexities or to see just how this 
cold, and still cooling, current can be raised back 
into active circulation; all that we can establish is 
that, for a time at least, it will hug the floor of the 
melting end. It is necessary for us to consider 
first a totally unrelated current, which I have 
called the superficial circulation. This current 
has been investigated by many, by means of 
floating brick ends, etc., and has been a stumbling 
block to Gehlhoff and others, though its nature 
should have been indicated by the experiments of 
Flint and Lyle or Hausner or by simple theory. 

Before turning to this superficial circulation, 
however, we may calculate, roughly, the volume 
of the throat current. 


Ill. The Turn-Over of the Tank 


A bottle glass tank, making colorless ‘‘flint’’ or 
“‘light-green”’ glass, 40 tons a day, will have an 
area not exceeding 300 square feet in the melting 
end, and its depth (in this country) will be 42 
inches. This means 70 tons of glass in the melt- 
ing end and probably less than one-half this 
amount in the refining end. The thermal cur- 
rent, estimated by a rough calculation as 140 
tons per day, will turn the melting end over twice 
in 24 hours and the refining end four or five times 
in the same interval. 

This is probably the main mechanism whereby 
heat reaches the lower part of the tank bath, and 
the point is important. Many people seem to 
have assumed that heat goes through the molten 
glass by radiation from the flames above, though, 
as will be shown in Section XXIV on diather- 
mancy (p. 427), molten glass is practically 
opaque to heat. Others have believed that 
molten glass conducts heat sufficiently to account 
for the heat at the bottom, though a rod of glass 
a few inches long may be melted at one end while 
held in the fingers at the other. A tank block, 12 
inches thick, in the bottom of a tank will usually 
have considerably more than 1000°F temperature 
drop across it, the heat being transferred solely by 
conduction. On the same basis, a molten glass 
column 31/2 feet deep ought to be stone cold at the 
bottom, and it is normally very hot and fluid 
there. In the absence of adequate data, we must 
assume for the present that the principal transfer 
of heat is by convection. 

On this point we get some further information 
from the behavior of “‘frozen’’ throats. If we 


once freeze a throat, which is not hard to do, it 
will not thaw itself out again. The circulating 
convection currents which kept it open have 
ceased. In the refining end, the “‘turnover’’ is 
slowed down, and heat cannot be supplied to the 
throat to open it. It is necessary to dip down the 
refining end and lower the glass level until the 
throat is virtually exposed and to turn a great 
burner on the throat from this side until the pres- 
sure beyond can burst a way through. Then the 
circulation is resumed, and the throat is kept clear 
by natural means. 


IV. Superficial Circulation on Deep Tanks 

In theoretical discussions of the main thermal 
circulation, it is commonly assumed that the glass 
flows outward on the surface of the bath, down- 
ward along the side walls to the bottom, inward 
along the bottom, and upward in the center of the 
tank. Such a circulation is conceivable, espe- 
cially with shallow tanks, but it is not the only 
kind conceivable, nor is it the natural one if the 
tank is deep enough. 

Flint and Lyle* have shown experimentally 
that a beaker of water superficially heated at the 
center of the upper surface does not generate 
deep-seated convection but that the convection is 
confined to the upper layers. They have merely 
reported the observation, without accounting for 
it, and perhaps regarded it as of academic interest 
only, though it is clear that they understood its 
mechanism. 

It may be of practical interest, however, and it 
seems advisable to consider it more carefully. 

In Fig. 12, consider a beaker of water or tank of 
glass of infinite depth (or at any rate quite deep). 
(For the moment we shall not consider the numeri- 
cal value of infinity as applied to this problem.) 
Let the whole mass of liquid be initially of uni- 
form density (and therefore of uniform tempera- 
ture as a rule). At point P, just level with the 
surface of the liquid, let us suddenly generate a 
considerable amount of heat. This may be done 
in a fraction of a second. That part of the heat 
which is radiated downward and intercepted by 
the water or glass (either of which is a good 
absorber of infra-red radiation) may be con- 
sidered as trapped within a hemisphere of liquid 
as shown. This hemisphere instantly heats up, 
expands in volume, and decreases in density. The 
expansion, being partly upward, will raise a slight 
convexity above the liquid level (Fig. 13), but 
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this will be very small in comparison with the 
deep convexity of the hemisphere below water 
level. Surface tension and gravity will conspire to 
drag away the upward convexity and the next 
instant it is gone, traveling out in a wave. We 
are left with a hemispherical downward convexity, 
a cup of low-density liquid supported by high- 
density liquid. All of this low-density liquid 
must be spilled over the cup rim and distributed 
over the surface of the general bath before equi- 
librium can be restored. The collapsing of this 
hemisphere, by whatever process, whether it 
collapses to a point or to a disk, can hardly be 
envisaged as being accomplished solely by ver- 
tical currents below; there must also be inward 
radial currents, and since the hemisphere has in 
effect 70% vertical surface and 30% horizontal 
surface, the main currents may well be horizontal. 

The spilled liquid travels out over the bath, los- 
ing some heat to the colder liquid below until, per- 
haps, it finally reaches the side walls. Theoreti- 
cally at least, it is spread entirely over the bath 
(Fig. 14), and that is the end of the matter. For 
even if the side walls help to chill it, they are by 
definition at the temperature of the rest of the 
bath and can not chill it below the general bath 
temperature. The liquid, therefore, does not 
fall below the surface of the unheated bath. 

If we repeat the experiment, we can warm up 
another cup of liquid and spread that over the 
general surface, so thickening the low-density 
layer, and we can keep this up until the low- 
density layer is as thick as the hemisphere is deep 
(Fig. 15). 

The effect now of further heating is simply to 
heat the already heated layer, and a circulation 
will be established as indicated in Fig. 16. If the 
cold glass below tries to join in this circulation, it 
will go out of mechanical equilibrium. The up- 
ward bulge under the hot spot can not be sup- 
ported any more than mercury could be per- 
suaded to bulge up and flow to the top of the bath. 
To all intents and purposes, this lower layer may 
be envisaged as a layer of mercury or other dense 
fluid which, merely by reason of its density, can 
not be coaxed into the superficial circulation. '* 

This way of looking at it has certain advantages, 


12 A similar case is considered by Jeffreys, in dealing with 
convection in the molten primal planet, having a core of 
molten iron and a thick covering of molten silicate rock. 
The iron does not join in the silicate convection currents. 
Cf. Harold Jeffreys, The Earth, p. 140. Cambridge Univ. 
Press, 2d ed., 1929. 
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as it brings into prominence a sharp line of de- 
markation between the superficial and the pro- 
found'* flows. The question will at once be raised 
as to how there can be such a sharp demarkation, 
seeing that the hemisphere itself is not a sharp- 
bounded thing, with a violent change of density at 
the cup-boundary, but is hottest at P and of an 
exponential temperature gradient. Moreover, as 
the hot contents of the cup spill out over the brim 
and flow to all parts of the bath, they must heat 
the colder glass below. 

The answer, however, is equally readily seen. 
The density difference between the upper layers 
and the lower is not so great as between water and 
mercury, but it does exist, and at some level or 
other a boundary must be established. Heat is 
being supplied rapidly to the topmost layers near 
the center of the bath, and the heated liquid must 
flow outward, but at the walls it can not descend 
to any great depth, because the upper parts of the 
walls are not colder than the deep layers of liquid; 
on the contrary, they are presumably slightly 
hotter, for hotter liquid is washing them. As more 
and more hot liquid is forced outward from the 
center, the heated liquid can be cooled by the walls 
part way toward the temperature of the lower 
glass (if the contact is intimate enough and of long 
enough duration) but not quite to this tempera- 
ture. It must therefore return to the center below 
the outgoing current but above the main mass. 

The mathematical treatment would be compli- 
cated if it took account of all the factors, but a 
simplified treatment could be given. In it, we 
should probably assume that the walls exercised no 
thermal influence whatever. The amount of heat 
lost by the glass at the walls is probably insignifi- 
cant compared with that which it loses (or gains) 

18T use this term in its natural or physical meaning of 


‘“‘deep”’ or ‘‘abyssal,”’ and not with any moral or emotional 
connotation. 
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by radiation on its upper surface as it streams out, 
or with that which it conveys to the glass below by 
conduction as it streams back. This is because 
the area of wall in contact is so small compared 
with the vast extent of the upper and lower faces 
of the streaming sheets. On this basis a mathe- 
matical treatment might be practicable which 
would indicate the depth of the demarkation line, 
if the physical properties of the liquid were all 
known. We shall not make this calculation be- 
cause, in the case of glass, the physical quantities 
are not known and, in the case of water, the point 
has been proved experimentally by Flint and 
Lyle.‘ 

Obviously, it is not important that, as in Fig. 
12, the heating be at a single point; all that mat- 
ters is that there should be heating of the surface 
over a central area and that, nearer the periphery, 
the surface should be less hot. 

Flint and Lyle established a rather moderate 
depth for the total superficial convection in water, 
where the density differences are slight. In the 
case of glass, in the melting end, the density differ- 
ences are great. The top layer is full of bubbles 
and has a density of about 1.3, while the profound 
glass has a density of 2.3. 

It follows that the outward streaming glass 
must return at a very shallow depth; there is no 
possibility of forcing glass of density 1.3 com- 
pletely down the side walls of the tank and under 
several feet of glass of density 2.5. 

If the tank is heated uniformly over its whole 
area, there ought to be very little outward stream- 
ing. All of the surface would swell with the heat 
and simmer in situ. Streaming involves differ- 
ences of density in different parts of the area, 
usually less density in the central parts; but in the 
case of glass tanks, or at least their melting ends, 
it must not be forgotten that the introduction of 
new batch is a much more potent factor in reduc- 
ing the local density than any temperature differ- 
ences can be. 


V. Independence of Superficial Circulation 

Returning to Fig. 16, let us immerse the beaker 
in a larger bath, until the liquid level is the same 
in each. Then we may cut off the bottom of the 
little beaker as in Fig. 17, and the superficial cur- 
rent will not be disturbed. Or, as in Fig. 18, we 
may cut a hole through one side of the beaker at a 
low level, and again the superficial circulation will 
not be disturbed. The opening in Fig. 18 is really 


Fics. 19 and 20. 


a throat, and it is therefore evident that the super- 
ficial circulation has no direct influence on the 
throat current or any connection with it. 

The superficial circulation arises from the local 
deficiency of density in the central parts of the 
melting area; the throat current arises from the 
deficiency of density in the melting end as a whole, 
when compared with the cooler liquid beyond the 
throat. 

Applying these results to a typical glass tank, 
we can get as far as Figs. 19 and 20, showing a 
transverse and longitudinal section, respectively. 
Point P is Gehlhoff’s ‘‘Spring,’’ although, as here 
shown, it is of superficial origin and not of pro- 
found origin, as envisaged by Gehlhoff.” 

Hausner? established the existence of the return 
component of the superficial circulation in glass 
tanks, thus validating the observations of Flint 
and Lyle‘ on beakers of water. 

The possibility that the profound current, or 
parts of it, may be drawn into the superficiai cir- 
culation must not be lost sight of; but the im- 
portant thing is that normally we must necessarily 
have two circulations that are virtually indepen- 
dent, though both arise from the heating of some 
parts of the tank to a greater temperature than 
other parts. The superficial current arises from 
the excess heating of the central parts of the melt- 
ing end; the throat current arises from the general 
excess of temperature (involving a general defi- 
ciency of density) of the melting end as a whole. 


VI. Gehlhoff's Spring and His Law of Current 


Directions 

In his treatment of the subject, Gehlhoff? makes 
the statement that the current direction is in the 
direction of the rising isotherms. This extraordi- 
nary ‘‘jump-to-conclusions,”’ without a particle of 
reasoning to support it, has resulted in his drawing 
all sorts of currents, some of which are even 
totally opposed to the statement itself. The re- 
sult is that in his Fig. 7 we have, as the main 
phenomenon, a column of lighter glass welling up, 
while in his Fig. 8 we have a column of specially 
dense glass doing the same thing. Gehlhoff’s ex- 
perimental results are interesting and of value, but 
his conclusions seem utterly illogical and unsound. 
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Fortunately Hausner, Schild, and others have pro- 
vided additional experimental data to escape from 
these conclusions. 


Vil. Effect of Fire Distribution on Superficial 
Circulation (Flame Skip-Distance) 

It has been known for a long time that the 
movements of the batch piles and circulation of 
the melting end could be controlled to an appre- 
ciable extent by the manner of firing the tank. 
This was under control chiefly in cross-fired tanks, 
where more fire could be turned on at some ports 
than others. Some tank designers and operators 
insisted that the port next but one to the bridge 
should carry the hottest fire so that the batch 
should be held back from the bridge. 

Confining ourselves to the accessible region near 
the surface, however, it seems likely that there will 
be a radial outflow from the hot spots of the sur- 
face; all experimental results, as well as theory, 
seem to agree on this. 

In cross-fired tanks, which are the most com- 
mon, the fire can lick the glass over most of the 
width but not near the entering port. There is a 
“skip distance” here of a foot or two, sometimes 
more, depending on port design (Fig. 22). It is 
this, rather than the chilling effect of the side 
walls, that makes the center of the tank hotter 
and generates the lateral surface currents. Gehl- 
hoff? found (see his diagrams on page 24 of article 
cited) a drop of 20°C between surface temperature 
at the center line of tank and a point three feet 
from the side wall. This difference can not pos- 
sibly be ascribed to side-wall cooling, as the glass 
is flowing toward the side wall (Fig. 6)? and is far 
out of reach of conduction effects passing back 
against the current. It is simply that the ports 
(Gehlhoff’s Fig. 1) and combustion conditions did 
not heat this point as much as they heated the 
center. A still lower temperature would have been 
found one foot from the side walls. On this ac- 
count a strong lateral circulation was set up. 

The longitudinal circulation arises from the 
hottest fire being at No. 4 burners (page 21, of 
footnote 2), the other burners not being fired so 


hard. The final result is an outward radial flow in 
all directions from the hottest parts of the surface, 
which is central in the width and, longitudinally, 
nearly opposite the hottest burners. 

G. V. McCauley tells me that he has sometimes 
observed vigorous lateral circulation; Gehlhoff 
also observed it. In end-port furnaces, on the 
other hand, the present writer has at times ex- 
perimentally observed a virtual complete absence 
of it. There is no reason to suppose that the cool- 
ing effect of the side walls was different in the two 
cases. What was different was the presence of a 
skip distance in the flame in one case and no com- 
parable phenomenon in the other. 


Vill. The Idler, or Mixing Circuit 

In constructing our circulation, we have not yet 
advanced appreciably beyond Fig. 20. We are not 
quite sure whether the throat current is a virtually 
closed circuit, entirely independent of the super- 
ficial circulation, or whether there is some connec- 
tion between them. While they clearly possess a 
good deal of autonomy, we have to account for the 
fact that the throat current returns to the melting 
end cold and must somehow be heated up if it is to 
return to the working end. Heat is supplied only 
from above, and glass in contact with the bottom 
blocks is losing heat to them. To warm it up and 
cause it to rise, it must receive heat faster from 
above than it loses it below. As glass is virtually 
opaque to radiant heat (see page 427), the tem- 
perature gradient in the glass, from top to bottom, 
must be sufficient to ensure this or otherwise the 
circulation will stop and the throat freeze up. 
McCauley’ has indicated a high effective conduc- 
tivity for molten glass, but this “conductivity’’ 
includes whatever contributions are made by tur- 
bulence and transmission of radiant energy. 

In Fig. 20, in the melting end, the lower part of 
the superficial circulation and the upper part of 
the throat current are traveling in opposed direc- 
tions. The arrangement is unstable; they are like 
two gear wheels, calling for an idler between them. 
This idler probably exists and forms a mixing cur- 
rent, whereby heat is transferred to the throat 
current. The character of this idler and its effec- 
tiveness will depend on the difference of density of 
the glass in the two main currents and also on the 
viscosity. 


IX. The Bridge-Wall Drip Current 
The bridge-wall blocks are chilled by coolers, 
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and this, according to current thought, should 
cause the glass to circulate downward along its 
face, just as it is supposed to do at the side walls. 

There is such a drip or condensation current on 
the melting-end side of the bridge wall, but the 
evidence is that on the refining-end side it is to- 
tally overpowered, in ordinary tanks, by the up- 
rising throat current. 


X. Influence of Incoming Batch and Circulation 
beneath Batch Piles 

The writer has been told that beneath the batch 
piles there are descending currents of cold glass; 
it was not apparent from the conversation 
whether these streams of glass were supposed to 
be the glass just produced from the batch or 
whether they arise from the chilling of the circu- 
lating glass by the stone-cold materials of the 
batch. In practice, tanks are fed with a mixture 
of batch and cullet, and the proportions vary a 
good deal. 

We might consider, as an academic question, 
what would happen if the tank were fed with 
nothing but cullet, and this in large lumps or 
masses. The nearest approach to this in practice 
is probably the returning of large pasty ‘‘skulls”’ to 
the dog house from the ladling end of a wire-glass 
tank. These lumps possibly weigh nearly one hun- 
dred pounds and, if no air is entrapped, they ought 
to be denser than the glass bath which receives 
them and, therefore, should sink to the bottom. 

Cullet fed in the ordinary way, in piles of broken 
pieces, on the other hand, contains a good deal of 
air. As heat can reach only the outside of the pile, 
below and above, a pasty seal soon covers the ex- 
terior, and the interior is a mass of broken glass 
entrapping a good deal of air. The combination 
therefore floats and will continue to float until the 
glass has become very fluid so as to permit the air 
to escape. By the time the glass has lost all its 
gas, it has reached furnace heat and has no par- 
ticular tendency to sink. It seems reasonable to 
believe, therefore, that it floats from the time it is 
put in until its identity is lost in the general bath. 

The molten glass that is chilled by the sudden 
incoming of the pile of cullet might conceivably 
show a tendency to sink, and to sink in local 


streams. Except insofar as the glass, even when 


molten, is very viscous and opposed to rapid 
flow in small zones, it is difficult to see how a 
downward stream of cold glass can be avoided be- 
neath each incoming pile. 


Such a current in the 
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glass bath would resemble, in an inverted way, the 
currents of air that rush upward beneath every 
cumulus cloud or from any hot spot on the earth’s 
surface. They would represent a certain “‘turbu- 
lence” beneath the cullet (or batch) piles. On 
account of the poor thermal conductivity of 
molten glass and its high viscosity, we might ex- 
pect such small streams to be feeble and quickly 
subdued by the main massive circulation. 

Turning from cullet to batch, it may be ob- 
served that a glass of density 2.5 in the cold and of 
about 2.25 in the molten state is made from a 
batch having an effective density of only 1.3. 
(The density of a pile of glassmaking sand is 1.44 
and of a pile of soda ash, 1.12: all figures obtained 
experimentally.) Thus a batch pile floats high 
upon the tank. Thirteen inches of molten glass 
will balance 22 inches of batch, leaving 9 inches of 
it projecting up above the glass level. 

As a matter of fact, batch piles often do stick 
up about 9 inches above the glass level, and when 
they do, their bottoms must be about 13 inches 
below it. 

The pile now proceeds to heat up and melt and 
goes through a peculiar cycle of alternate swellings 
and contractings. 

It first swells by thermal expansion of the sand 
grains and other ingredients, the density falling 
slightly. At about this stage, the soda ash begins 
to fuse and pulls the sand grains tighter together 
by surface tension, the sodium carbonate running 
between the grains like a cement. This is the be- 
ginning of the sintering stage, and the density 
apparently sometimes rises again to about 1.3. 
The mass now reaches its maximum rigidity. 

In the next stage, the soda ash begins to de- 
compose, liberating CO.. The solid ingredients 
are pulled tighter together, but the gas content 
rises; the mass swells once more and the density 
again falls to about 1.1. It now has a somewhat 
pasty consistency and tends to slump. 

In the final stage, chemical attack on the silica 
becomes rapid, gas is evolved and eliminated, and 
the density rises steadily from 1.1 to 2.2, the den- 
sity of molten glass by the time it is ‘‘refined.’’!* 


14 Observations on a number of instances indicate a ten- 
dency on the part of masses of batch to fluctuate from 
about 1.1 to 1.3 in density, but probably this is due largely 
to fluctuations in the amount of entrapped air and gases 
of decomposition. As the various stages take place at 
different moments throughout the mass, probably the only 
clear statement we can make about the mass as a whole is 
that it stays near a density of 1.3 until it is fairly advanced 
in the refining stage, when it rises steadily to 2.2 or there- 
abouts. 
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It should be noted that at no stage of the melt- 
ing process until refining is almost complete is the 
batch nearly as dense as the molten glass; in fact 
it is only about one-half as dense. Thus there is 
no chance of its sinking. At all stages it is full of 
air and gas. 


XI. The Froth Current 

As fast as the batch piles are reduced to a par- 
tially fluid condition, they form in effect a glass of 
very low density which therefore tends to spread 
rapidly over the whole melting end (Fig. 23). 
This favors the elimination of bubbles and rapid 
refining, keeping the unfinished glass near the sur- 
face in the zone of maximum heat and in the zone 
of easiest gas elimination. 

But as far as the circulation of the glass in the 
tank is concerned, it produces still another super- 
ficial current imposed on the main circulation. 
This is a current in the form of a shallow sheet of 
unrefined glass of very low density, spreading 
rapidly away from the dog house and the batch 
piles to the sides and bridge wall of the melting 
end. This superficial sheet of flow is highly corro- 
sive; the fluxes are not yet entirely decomposed, 
and the gases not yet eliminated. This current 
behaves much like the surface-tension current en- 
visaged by McCauley but is not of itself a surface- 
tension current. It is produced by gravity, like 
our other currents, and is due to a difference of 
density between the liquescent batch piles and the 
main bath of refined glass. 

This does not mean that the present writer 
denies the existence of the McCauley surface- 
tension currents; he is merely calling attention to 
an important gravitational current. This current 
would exist even in the absence of surface tension, 
which will assist or retard it according as the sur- 
face tension of partially molten glass is lower or 
greater than that of “‘finished”’ glass. 

We shall have occasion to refer again to the 
froth current in the discussion of flux-line erosion 
(Sections XXVIII and XXX, p. 429) and the 
caves of the Fire-Pit of Kilauea (Section XX XIII, 
p. 432). 


XIl. Descending Currents beneath the Batch Piles 

We have already dealt to a limited extent with 
this subject (page 419). Neither the batch nor 
the glass made from it has any immediate ten- 
dency te sink on account of the great volume of 
entrapped gas. If it had, it would almost inevi- 
tably become involved with the forward circuit 
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through the throat while still unrefined. The ex- 
tent to which the batch piles chill the refined glass 
beneath them is unknown. The writer has been 
told that the batch piles cast deep “‘heat shadows,”’ 
chilling all the tank bottom beneath them. It will 
be shown later (Section XXV, p. 428) that these 
heat shadows must be discounted, and if the tank 
bottom is chilled beneath the batch piles, it is 
probably due to a wash of cold glass upon the bot- 
tom at this point. 

There are two possible sources of such a cold 
wash. There is first the returning throat current, 
which might conceivably work forward all the way 
to the dog house, and there is alternatively the 
chilled glass streaming down from beneath the 
batch piles. 

If glass, when chilled by the incoming batch, 
were a very fluid substance, a violent turbulence 
would be set up in this region (Fig. 24). The 
present writer has experimented with ‘‘models”’ of 
the phenomenon and has been surprised at the 
vigor of the turbulence when even small density 
differences were involved. Viscosity, however, 
acts to suppress the turbulence; a moderate visco- 
sity reduces its violence; a sufficient viscosity 
suppresses it altogether. The theory is discussed 
in the section on the stability of the flow in the 
working end (Section XV p. 421), and it is there 
shown that the depth of the tank has an even 
greater influence than the viscosity, since it 
occurs to the fourth power. The present writer, 
therefore, feels justified in believing that the great 
depth of commercial tanks as compared with his 
own small models entirely overcomes the effect of 
the greater viscosity of molten glass as compared 
with the “‘model”’ liquids, and that therefore there 
is normally considerable turbulence beneath the 
batch piles. 

Whether this turbulence extends from the batch 
piles completely down to the tank bottom or 
whether it extends to a limited distance, as thun- 
derheads build up into the atmosphere a limited 
distance, might be worth investigation. In 
Fig. 24, we have assumed that the down-streaming 
spouts of cold glass are sufficiently strong, when 
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batch is fed at normal rates, to reach the tank 
floor. If they do, they presumably mushroom out, 
like the steam of a locomotive under a station roof, 
and spread forward till they meet the throat cur- 
rent. We then have two currents moving in oppo- 
site directions and contending for possession of the 
floor. The colder or, more strictly, the denser 
necessarily wins. 

The colder current forces its way under the 
warmer current, which rides up over it, and we 
have the condition which the weather men and 
aviators call a ‘‘front.’’ If the cold current is ac- 
tually gaining ground, due to an increased pull on 
the tank and consequent greater rate of feeding 
batch, the meteorologists would call it a ‘‘cold 
front’; if the cold current is retreating and the 
warm one gaining a little more floor space, we have 
a ‘“‘warm front.’’ Under conditions of steady op- 
eration, the cold front probably advances until it 

has picked up enough 


Unstable, foundering glass 
gata heat from above and 


Initially stable glassy a 
; 
the warmer current to 
be brought to rest. 
The equilibrium is 
Fic. 25. 
clearly somewhat 


tricky and unstable, and the boundary probably 
weaves back and forth over a large part of the tank 
floor. For if the batch pile current advances far 
enough against the throat current, it reaches a 
point where, the further it goes, the warmer and 
lighter its opponent is, and it might even force its 
way through the lowest part of the throat and into 
the refining end. 

Normally, the effect of an advance of the ice- 
berg current under the returning throat current 
will be to cause an “‘idling’”’ or mixing current be- 
tween them. The dividing line is equivalent to a 
‘line squall,” with sharp local turbulences. Some 
of the cold-current material will be incorporated in 
the throat current and carried back to the refining 
end through the upper part of the throat. 

If the compositions of the currents are the same, 
and the only difference is one of temperature, the 
temperature will soon be equalized and no harm 
will result. But if the advance of the iceberg 
current is due to a change in batch composition 
involving the production of a denser glass, then 
the squall front flattens and drives a long thin 
wedge under the throat current. The large con- 
tact area thus produced results in the throat cur- 
rent stripping inclusions from the glass beneath 
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and carrying them forward as cordy glass. 

When the change of composition is toward less 
density, we may expect the squall front to steepen 
and reduce the contact area. The new glass will 
not then be incorporated so rapidly in the throat 
current; the glass will be cordy but less so than 
when the new glass is denser. This seems to agree 
with the observations of Flint and Lyle.'® 


XIll. Complete Circulation in the Melting End 

While the physics of line squalls, thunderstorms, 
and boundaries between stream-line flow and tur- 
bulent or “‘burbling”’ zones are not well understood, 
it may be surmised that in normal operation a 
tank would show, in longitudinal section, a set of 
currents somewhat as shown in Figs. 20 and 24. 
These currents ignore the influence of side-wall 
cooling, bridge-wall cooling, and end-wall cooling. 
They also ignore currents arising from chemical 
corrosion of the refractories. The latter are small 
in volume and have little to do with the glass as a 
whole, though they are in some cases very de- 
structive to the tank structure. 


XIV. The Side-Wall Cooling 

A good deal of stress has been laid by some 
writers and experimenters on the downward cir- 
culation of glass alongside the flux blocks, due to 
heat being lost through the flux-block walls. If 
this were so, the sidewise circulation of glass 
should be much more vigorous than the endwise 
circulation, for the side walls, in a tank of normal 
proportions, are much more extensive and there- 
fore presumably more powerful as a chilling and 
circulation-promoting device than the end walls. 

Such powerful cross-circulation has been indi- 
cated in some published diagrams, and certainly 
some cross-circulation must exist, but such tests as 
the writer has made on tanks would seem to indi- 
cate that the cross-currents are not necessarily 
particularly powerful. Admittedly, this is a mat- 
ter on which he does not at present wish to express 
any particular, certainly no emphatic, opinion. 
(See Section VII.) 


XV. Circulation in the Refining End 


The working end of our tank now needs con- 
sideration. Thus far, all that we have deduced 


16 “Tn the operation of a glass tank, it has been noticed 
that a composition change which decreases the density 
causes cords which persist for two or three days. If the 
change causes an increase of density, the cords are much 
worse, but last only a few hours.”’” See footnote 4, p. 415, 
of reference. 
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is that the incoming upper-throat current will rise 
promptly to the surface and start to spread over it 
(Fig. 20). What happens next? 

In the melting end, the glass is receiving heat. 
The only place from which it can receive it is from 
above. This is a stable state of affairs. If the 
heat were uniformly spread over the whole area of 
the melting end and the throat plugged, there 
would be no thermal currents. Heat could reach 
the bottom of the tank only by conduction, aided 
by such radiation as the transparency of glass at 
red heat allows, which is presumably none. 

The conditions in the refining end are different. 
Here the glass has to lose heat. It can lose some 
heat by conduction through the side walls and 
bottom and some by radiation to the roof and 
thence by conduction through the roof. 

Now the bottom of the tank is in a poor situa- 
tion to lose heat by air convection, unless air is 
blown on it mechanically, while the roof is well 
situated to lose heat to the air. The side walls are 
probably insulated. It seems likely therefore that 
the heat lost in the refining end, as the glass is re- 
duced in temperature 300 or 400°F, is lost very 
largely through the roof. If so, then the upper 
layers of glass in the refining end, which are the 
only layers that can radiate heat to the roof, must 
be cooling much faster than the lower layers. 

If this continues long enough, the upper layers 
would become cooler than the lower layers, and 
this arrangement is unstable. The instability may 
lead to turbulence, though this will be resisted by 
the viscosity of the glass. A critical limit may, 
however, be passed, and turbulence will then set 
in, the upper layers falling in eddies through the 
lower layers to some depth or other, possibly the 
full depth of the tank. 

Inasmuch as this turbulence, :f it really does 
occur, may be one of the most important phe- 
nomena in the tank (as will be indicated later), it 
seems worth while to attempt an estimate of its 
likelihood. 

The glass entering the refining end through the 
throat rises promptly to the surface near the 
bridge wall, or at any rate much of it does. This 
has been observed in glass tanks by the present 
writer and has been admirably illustrated by 
Schild" in his experiments with models. There is 
theoretical reason to expect this to be a general 
phenomenon, since the glass coming from the melt- 
ing end is supposed to be some hundreds of 


16 See footnote 1 (p. 409), p. 305, Figs. 1, 2, 6, and 7. 
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Fahrenheit degrees hotter than the glass in the re- 
fining end. 

Having risen to the surface, we may suppose 
that it starts to spread over the surface of the 
colder glass and make its way radially to all parts 
of the refining end. By the time it reaches the 
flow spouts (or other working exits), we know that 
it has lost much heat; and if the surface flow con- 
tinues this far without interruption, it must be 
surface glass we are using, and it can have lost 
heat only to the roof. 

The surface glass in the melting end at the 
bridge wall is usually around 2650°F in a bottle 
tank; we have no adequate data of the tempera- 
ture of the glass passing through the upper part of 
the throat or reaching the surface of the refining 
end, but it will no doubt be less than 2650°F, per- 
haps about 2500°F. 

Consider now the rate of loss of energy by 
radiation to the roof. Assume the incoming glass 
to have a temperature of 2500°F, and the roof a 
temperature of 2350°F (or 1650°K and 1550°K, 
respectively, where K is “‘absolute’’ or Kelvin de- 
grees, of the same size as Centigrade degrees, but 
counted from absolute zero). 

Now assuming glass to be a full radiator, the 
heat loss per second per square centimeter of ex- 
posed surface is, in “‘ergs,”’ 


e = — 624) 
Where K (Stefan’s constant) = 5.8 X 1075. 


For any actual glass, some lower figure for K 
would be needed, but how much lower is probably 
not well known. 

Hence in our case 


€ 
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(7.4 — 5.8) 107 ergs 
X 107 ergs 
bout 2 gram-calories. 


CO 
or 
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If we take the specific heat of glass at high tem- 
peratures as being about 0.25, and its density, 2.2 
grams per cubic centimeter, and consider a column 
of glass, HT centimeters deep, beneath the particu- 
lar square centimeter whose radiation we are con- 
sidering, then its weight or ‘“‘mass”’ is 2.2 H grams 
and its heat capacity, 2.2 X 0.25 X H calories per 
°C = 0.55 H calories per °C. 

The loss of 2 gram-calories in a second will 
therefore reduce its average temperature nearly 
4°C if it is 1 centimeter deep, and 4° / H, if it is 
H centimeters deep. After time, ¢, it will be 4°7/- 
H. The surface will be the coldest, and assuming 
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the gradient to be uniform" as far as depth, /7/, at 
time, ¢, that gradient is 8°t///? (Centigrade de- 
grees per centimeter of depth after time, ¢, sec- 
onds.) 

Now this is a ‘‘temperature inversion,’’ and the 
question is whether the circulation will collapse 
and a new sort of convection set in. If so, what 
depth of the glass will be involved in the new sys- 
tem? Obviously the depth involved can not be 
greater than the depth of the tank, which is prob- 
ably about 42 inches or (roughly) 100 centimeters. 
It may be some less depth, but the less the depth, 
the greater the resistance to the new regime. 

The effect of viscosity in preventing the onset 
of cellular convection due to temperature inver- 
sion has been discussed by Rayleigh and by 
Jeffreys.'§ The latter gives as the criterion for the 
beginning of the breakdown, 
gasHl* 


KV 


= \ = a pure number, depending on boundary 


conditions, but usually about 1000. 
Where (using c.g.s. units) g = acceleration due to gravity 
= 981 or, in round numbers, 1000. 

a = cubic coefficient of expansion per °C (which for or- 
dinary glasses in the cold state would be about 
2.7 X 10~5; we shall take it as being of the order 
3 X 10-5 (per °C) for molten glass). 

vertical temperature gradient (in °C / cm. depth). 
depth to which down-spouts extend (cm.). 
“diffusivity” (or what Jeffreys calls “‘thermometric 
conductivity”; he takes its value for the compara- 
ble case of molten silicate rocks as 0.01; we may 
as well adopt that value, as we have no adequate 
data on the point). 
v = kinematic viscosity (the ordinary viscosity, 7, used 
in glass technology literature, divided by the den- 
sity, which we shall take as 2.2). 


Substituting these values in the formula, we 
find that the system of cold top-glass will collapse 
and down-spouts develop when the gradient, 8, of 
the temperature inversion exceeds 160 »/H*. 

From Lillie’s data, the viscosity of the glass at 
the temperature in question should be of the order 
of 100 poises; substituting this value for » and 
equating the two expressions (S°¢//7*?; 160 »/H*) 
for the temperature gradient, spouts will develop 


when 
8t/H? = 16,000/H* or tH? = 2000. 


Here ¢ is measured in seconds and H in centimeters. 


It will be more convenient to measure ¢ in min- 
utes, and // in inches; then instability sets in 


when 
tH? = 2000/60 X 2.54? = 5. 


The depth of the refining end of a tank is usually 


17 This of course is physically impossible, but we have to 
make rough assumptions to illustrate the principles in- 
volved. 

18 See footnote 12, p. 416. 


90° turn round a pulley. Schild discovered the 
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40 inches or more, so if the gradient is considered 
as extending over the whole depth of the tank, in- 
stability will set in within less than one second. 
This will not take place in practice, because the 
temperature gradient at the end of one second 
will be confined to a small fraction of an inch of 
depth nearest the top of the bath. But apparently 
there is no escape from the conclusion that after a 
moderate number of seconds, and long before the 
glass can leave the refining end, instability and 
cellular convection must set in. 

In a tank 100 centimeters deep, the average loss 
of temperature of the whole 100-centimeter col- 
umn is 4°/100 = 0.04°C/second (or 2.4°C per 
minute). 

Suppose that the glass loses heat from 2650°F in 
the melting end at the bridge wall (a common 
“optical” reading on this point) down to 2350°F 
in the refining end, it loses 300°F, chiefly by radia- 
tion to the roof; to be conservative, suppose it is a 
difference of 100°C. This it can do in about 
100/2.4 = 40 minutes. Thus the glass should 
take about 40 minutes to cross the refining end. 
This looks reasonable in view of our experience of 
bubbles. 

Now tH? = 5 (as shown above) and if t = 40, 
H? = 1/8, and #7 is less than one inch. 

Thus instability would set in, if the refining end 
were only an inch deep, before the glass could 
completely cross it, and it is inconceivable that the 
temperature gradient should not have penetrated 
to a depth of an inch in 40 minutes. 

It seems to follow inevitably that at some stage 
before the incoming hot glass can cross the refining 
end of the tank, instability must set in and pene- 
trate to some considerable depth. 


XVI. Schild’s Roller 


One of the most striking things discovered by 
Schild! in his experiments on models was a stable 
rotating current which he called a ‘“‘Walze,’’ trans- 
lated by Hartenheim”’ as a “‘roller,”’ in the refining 
end of the tank. The importance of Schild’s work 
is not to be gaged by this alone, which is simply 
the most immediately appealing and spectacular 
discovery. 

The incoming throat current, rising sharply by 
the bridge wall and starting to flow out along the 
surface of the working end, is like a belt making a 


19 Special mimeographed translation, American Ceramic 
Society, No. 18, July 9, 1934. 
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Fic. 26.—Thermal currents on the center line of a tank 
on either side of a throat (after Schild). 


pulley. It is a somewhat misshapen pulley, even 
in cross-section (Fig. 26), and longitudinally it is 
bent in the form of a semi-ellipse (Fig. 27), but 
nonetheless it is still recognizable as a pulley. 


XVII. The Bowmaker and Cauwood Spirals 

The existence of some such phenomenon as 
Schild’s “‘roller’’ was adumbrated by Bowmaker 
and Cauwood,”? who were dealing with actual 
glass tanks and not with models. By analyzing 
the glass from the flow spouts (the consumption 
currents) while a change of glass composition was 
taking place, they found that new glass arrived 
early at the central machines (machines near the 
longitudinal axis of the tank) and much later at 


Fic. 27.—Three-dimensional sketch of purely thermal 
currents between the bridge wall and working end of a 
tank (after Schild). 


machines near the sides. They explained this on 
the supposition that the glass flows in left- and 
right-hand spirals in the refining end of the tank 
(Fig. 28). 

There are certain difficulties about this explana- 
tion as it stands. The currents are admittedly 


0B. J. C. Bowmaker and J. D. Cauwood, loc. cit. (foot- 
note 6), p. 139. 


slow ones, and the kinetic energy of the moving 
current is for the most part very low. The driving 
forces must be principally differences of density, 
arising from differences of temperature. When 
the glass has once sunk near the walls of the refin- 
ing end, it has done so because it is cold, and it is 
certain that neither the floor nor the bridge wall is 
going to heat it up again and enable it to climb up 
the bridge wall, as shown by Bowmaker and Cau- 
wood. If it is to rise again, it must be mechani- 
cally entrained by some powerful rising current 
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Fic. 28.—After Bowmaker and Cauwood. 


that has the strength to do it. Schild has shown 
that the incoming throat current is such a one and 
that it does have the strength to take foundering 
glass and work it up into a “‘roller.’’ The Bow- 
maker and Cauwood spirals are therefore not im- 
possible, but the actual path is vastly more com- 
plex than they outlined. 


XVIII. Dead Corners 


The lower part of the working end, at the junc- 
tion of the floor and the front or side walls, is not 
properly swept by any current. The consumption 
currents are normally surface flows, stripped from 
the “‘roller’’ like cloth from a roll. In the absence 
of consumption currents, the thermal circulation 
founders before the front wall is reached and is 
drawn back in the undertow. There is therefore a 
space of dead glass below. So inaccessible is this 
region that, in the past, tanks have been operated 
for months and when “‘let out’ have disclosed 
great piles of cullet in the corners, unpenetrated 
by the molten glass and not even sintered together. 
In more recent years, refining ends have com- 
monly been insulated, and the unmolten glass is 
presumably less, or absent, but in normal opera- 
tion it seems to matter little whether the circulat- 
ing glass is riding on a dead area of nearly stagnant 
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glass or upon a pile of cullet. As the current wash- 
ing this zone is a return current, there is normally 
no danger of devitrified glass being carried from 
the stagnant zone into the consumption current 
without its being first remelted; but a change in 
the “‘pull’’ on different machines, diverting the 
‘“‘channels,’’ sometimes drags in erstwhile stagnant 
glass and produces trouble. Apparently the main 
requirement is simply that stagnant glass should 
not be too near the flow spouts. 


XIX. Complete Longitudinal Circulation (Thermal 
Currents Only) 


Figure 29 shows the complete circulation due to 
thermal causes alone, as deduced from the fore- 
going paragraphs. It is practically a combination 
of Figs. 20, 24, and 25. A good deal of uncertainty 
and undoubtedly some variety from tank to tank 
exists in the squall and turbulent areas. 

While batch is added only for the purpose of 
maintaining the level against the withdrawal of 
consumption currents and is therefore something 
foreign to the thermal equilibrium of the resting 
tank, it gives rise to such important thermal 
effects that it has been necessary to include it with 
them. The withdrawal currents produce their 
own complications, which we can consider only 
briefly, and, as usual, with reference more par- 
ticularly to a bottle glass tank operating feeders. 
The reason is that these tanks are subject to more 
fluctuations in operation than most others. 


XX. Channeling in the Working End 

If the conditions in the working end were similar 
to those in the melting end, 7.e., with the hottest 
glass on the surface and a roof hotter than the 
glass, the flow-spout current would draw some- 
what generally upon the whole glass in the work- 
ing end. There would be conditions favoring nor- 
mal stream-line flow, and though the flow would 
be faster in some places than others, there would 
be no tendency to confine the channel. 

The conditions are a little different if the ther- 
mal current is foundering. The easiest glass for 
the flow spout to use is hot glass, and the hottest 
glass is the glass entering the working end at the 
throat. If a direct connection can be established 
across the working end, hot glass in a restricted 
channel can be drawn across the surface of the 
cooler unstable glass. The quicker this glass can 
come, the less time it has to cool, and the easier it 
is to use it in preference to the surrounding cooler 
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glass. It therefore tends to concentrate into a 
narrow channel. 

The degree of stability achieved by a channel 
might be worth fuller investigation. As a matter 
of experience, we have observed glass containing 
bubbles to concentrate in a very narrow path 
across the whole refining end, the speed being ap- 
parently fairly constant and rather high through- 
out the path and indicating a well-defined channel, 
quite different from the requirements of flow in a 
great lake drained by a small river (the whole area 
and volume of the refining end, drained by a flow 
spout). 

Nonetheless, the time taken by the bubbles to 
cross the refining end was some minutes, and this 
would appear to be too long to avoid instability 
unless the channel is also very shallow. The rate 
of flow indicates that the channel could not be very 
deep, and under those particular conditions (viz., 
with the incoming glass being somewhat gassy), it 
may be that an unequivocal river of stream-lined 
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flow crossed the refining end within banks of more 
viscous, less gassy, and foundering glass. 

On the other hand, it has been the general ob- 
servation that the surface circulation in the refin- 
ing end is not greatly affected (as determined by 
floating brick) by the presence or absence of a 
flow-spout pull.2!. This means that either the 
channeling observed by the present writer is not 
universal or even common, or that brick, penetrat- 
ing to a greater depth than bubbles, do not ade- 
quately indicate the channel flow but are hull-deep 
in the foundering circulation below. 


XXI. The Flow-Spout Current 
In the flow spout, the glass is very viscous and 
the depth small. Whatever the temperature con- 
ditions, therefore, the tendency will be to suppress 
turbulence and develop stream-line flow. The top 


*1 J. C. Hostetter, verbal communication; also E. J. C. 
Bowmaker and J. D. Cauwood, footnotes 6 and 20. 
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of the spout current forms the front of the gob, in 
the absence of any stirring device. 

This is probably well known and a general 
phenomenon. The present writer has checked it 
several times with grains of powder-blue as a 
tracer. He has also observed siliceous surface 
glass forming a distinct cord. There seems no 
reason to suppose that the spout current will ever 
be other than stream-line. 


XXII. Zones of Mixing and Cord-Elimination 

It seems to have been the general belief hitherto 
that mixing of the glass is accomplished by mo- 
lecular diffusion and is assisted in the melting end 
by the stirring action of rising bubbles. 

Now as explained in Sections X and XI, pages 
419 and 420, I see no means of ever getting the 
bubbles down below the glass so that they can rise 
through it. They float near the top from the very 
start, and they can not of themselves mix the new 
glass with the old. 

Diffusion, on the other hand, seems to be an in- 
adequate agent, in view of the immense size of the 
tank compared with the molecular radius of action 
in a highly viscous fluid. 

The circulating currents have also been offered 
as a means for bringing the glass to homogeneity, 
but the currents offered have been stream-line cur- 
rents, which do not mix anything. Since they 
flow side by side and only molecular diffusion op- 
erates to mix them, the liquids might just as well 
be still. 

Only turbulence can mix the melt and eliminate 
the “glycerin and water effect’’ or cordiness. 

Apparently there is reason to expect turbulence 
near the dog-house end of the melting zone, when- 
ever batch is being filled on and over much of the 
area of the “‘refining’’ end where the temperature 
inversion exceeds the critical amount. There is 
also mixing at the squall line and at the contact of 
the superficial circulation in the melting end with 
the upper throat current. 


Validity of Model Experiments Relating to 
Flow of Glass in Tanks 

A model locomotive may be made of any desired 
size, and it will still look like a locomotive. It 
might, for instance, be made one-tenth full size. 
That would still be a very large and enchanting 
toy for a small boy, for the track would be nearly 
G inches in gage. If the wheels turned round with 
the same number of revolutions per minute as a 
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big engine, the linear speed of travel of the model 
would be one-tenth that of the prototype. But 
not all things would be reduced in the proportion 
of one in ten. The weight of the engine would be 
only 1/1000; the kinetic energy at full speed would 
be only '/100,000. Suppose we want it to accelerate 
to full speed, from rest, in the same time as the big 
locomotive, to which it is mechanically and geo- 
metrically similar so that the valve settings are 
exact models. In getting up full speed, it will 
travel '/1 the distance the big locomotive did, and 
on a model track, exactly duplicating a real track 
on the scale of !/1, it will reach full speed just as it 
passes Jones’ signal box, exactly as the Flying 
Scotsman does. 

The big engine runs on 200 pounds per square 
inch of steam. What must be the pressure in the 
model engine? It will be found that to attain the 
dynamical similarity we are asking for, we can not 
use the same 200-pound pressure. It will not do 
to reduce it even in the ratio of one to ten, v7z., to 
20 pounds per square inch. The correct pressure 
is 2 pounds per square inch and the safety valve 
must be set for this. 

Thus the pressure we must use is not arbitrary; 
there is only one pressure suitable for a particular 
scale of model and, if we cannot choose our pres- 
sure to suit the scale but are required to work with 
a particular pressure, then we must modify the 
scale of the model. 

In the present instance, it is worth noting that 
if the safety valve is made geometrically similar 
and consists essentially of a weight closing an 
aperture, then it will blow off at 20 pounds per 
square inch pressure and not at 2 pounds per 
square inch. There is therefore a limit to the 
dynamical similarity. The engine can not be made 
dynamically similar down to the last detail (the 
safety valve) or it will not act dynamically simi- 
larly on its track. 

The question might be raised whether, if the 
model were made of some material of totally differ- 
ent density from steel, full dynamical similarity 
could be attained. We shall not go into this ques- 
tion because we are concerned with glass tanks and 
their models and not with locomotives. We wish 
merely to point out that it is not possible to get 
dynamically similar results from a model of a glass 
tank, if the model scale is arbitrarily chosen and 
the liquid used is also arbitrarily chosen. Schild 
seems to have been the first to recognize this, at 
least as far as putting a caveat on paper is con- 
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cerned and attempting to meet the difficulties in 
his experiments. 

Unfortunately Schild’s discussion of dynamical 
requirements is very sketchy and, in part, is 
wrong. 

He gives three quantities that must be kept con- 
stant, which are defined by the following equa- 


tions: 
C; => vl/v 
= 193. y?( te = t)B/ pg 
C3 = 


Where he defines the following quantities: 
' = a characteristic velocity (e.g., the greatest velocity in 
the system). 
a characteristic length (length of tank). 
kinematic viscosity = p/p. 
ordinary viscosity. 
density. 
thermal conductivity. 
uantities he does not define are 
a characteristic length, like / 
specific weight = density multiplied by the value of 
gravity, g.* 
acceleration due to gravity. 
C, = specific heat at constant pressure. 
(tg — t;) = range of temperatures over which we experi- 
ment, and the range over which 8, the coefficient 
of expansion of the fluid, is measured. 


C, is the Reynolds number, and the necessity for keeping 
it constant in experiments on fluid flow is well understood. 

C2 is called by Schild, the ‘‘Grashof constant.’’ The for- 
mula is satisfactory insofar as it is dimensionless, but it can 
be split into two parts, 


and (t2 — t)8, 


each of which is dimensionless and each of which therefore 
ought to be kept constant. 

C3 is called by Schild the ‘‘Stanton constant,’’ and the 
formula is theoretically wrong, since it is not dimension- 
less,22 but has the dimensions of 1/g, 7.e.: acceleration;! 
the g in the denominator, therefore, ought to be omitted. 
In practice, g, the acceleration due to gravity, does not 
vary much over the earth’s surface, and it will have the 
same value in the model as inthe tank. It will not affect 
the validity of the experimental results, but its presence in 
the formula is an eyesore. 


* + is rendered by Hartenheim as y. 


The status of affairs is complicated by other 
matters which Schild did not take into account, 
viz., such things as the thermal conductivity of the 
side walls, the equilibrium between radiation 
losses and conduction losses, etc.; and there was 
evidence, in the present writer’s opinion, that 
these factors might be serious. A more elaborate 
dimensional analysis than Schild’s convinced me 


22 T had hoped this was common knowledge, but if it is 
not, perhaps Dr. Buckingham’s paper will make it clear 
(see footnote 23). 


Specimen Diathermancy 

No. Color Made at Made by (%) 

G25 Light green (white) ! ? 80 

G73, 74, 75 Emerald green Butler F. W. Preston 83 

Gl Emerald green Butler L. T. Sherwood 68 

T; Amber (carbon and sulfur) Butler F. W. Preston 85 
Amber Glenshaw Glenshaw Glass Co. 82 (June, 1933) 

Amber (with iron sulfide) Zanesville Hazel-Atlas 55 
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that the last word had not been said on the sub- 
ject, that the matter was in fact exceedingly com- 
plex and a genuine model almost impossible of 
achievement.”* 


XXIV. Diathermancy of Glass 


Everybody knows that ordinary colorless bottle 
glass can be melted and sufficiently refined on a 
basis of 5'/2 to 6 square feet of melting area per ton 
per day. Many people know that it usually takes 
about 10'/2 to 11 square feet to melt a ton of 
“emerald green”’ in the same time. It has some- 
times been assumed that this is directly due to the 
color, the heat not being able to penetrate so 
deeply by radiation. But amber glass, which is 
even a deeper color, can be melted on the same 
basis as the colorless glass. Thus this argument 
will not of itself hold water. 

Further, the typical American ‘‘emerald green” 
glass is so opaque to radiation even in the cold 
state that practically no heat can get through a 
few inches of it, let alone 42 inches. For that mat- 
ter, 3'/2 feet of “light green’ or even an average 
“colorless” glass is a virtually perfect barrier to 
furnace radiation and this, again, in the cold state. 
When heated to the softening point, glass loses its 
transparency and takes on an opalescent appear- 
ance. One can not see through more than a smal} 
fraction of an inch of molten glass; the glass is a 
good radiator and a good absorber at high tem- 
peratures, and the effect of heat is to make any 
glass ‘‘adiathermanous.”’ 

The following figures were obtained experimen- 
tally by the writer a few years ago. All of the 
glasses are 0.20-inch thick, polished on both faces, 
tested at room temperature (except insofar as 
they heat up during the experiment itself), and 
the radiation is that from a General Electric CC 
13 fil. 200 W projection tungsten filament lamp. 
This radiation appeared at the time sufficiently 
similar to the radiation in a glassmelting tank to 
give me useful preliminary information. 


*3[ therefore referred the entire subject to Edgar 
Buckingham of the Bureau of Standards, who was good 
enough to investigate it thoroughly, and whose treatise on 
the subject will be published in the January (1937) issue 
of the Journal of the American Ceramic Society. 
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Allowing 8% for reflection losses (which seems 
ample), we lose at least another 10% of the radia- 
tion in 0.2 inch in most glasses, whether ‘‘color- 
less,’’ green, emerald, or amber. On this basis, at 
a depth or thickness of 2 inches, only one-third of 
the radiation would remain, and at 4 inches only 
10%. In the case of Hazel-Atlas ‘‘iron-sulfide 
amber glass,” allowing the same reflection loss, 
35% or more is lost in 0.20 inch, and only 1% of 
the radiant energy would get through a 2-inch 
thickness. Yet this glass presented no appre- 
ciably greater trouble in melting than the rest.?* 
In fact it is generally conceded that amber glasses 
are rather easily melted. When we consider the 
further fact that, in the molten condition, no glass 
is diathermanous, it is obvious that the color of a 
glass has of itself nothing to do with its ease of 
melting. The radiation does not penetrate. 
From the surface of the glass downward, some- 
thing other than transparency transfers the heat 
to the bottom of the tank. This something is ap- 
parently the circulating currents. 


XXV. Heat Shadows 

Attention has been called now and then to sup- 
posed heat shadows in a tank. Thus a throat has 
been supposed to get cold because it is in shadow; 
the radiation from the flames can not reach it. 
But according to what has been said previously, 
the radiation from the flames does not reach any 
part of the bottom of the tank. Again floaters 
have been said to cast a ‘“‘heat shadow.”’ This is 
equally improbable and for the same reason. 
There is additional doubt given to this idea from 
the fact that floaters would not throw much of an 
optical shadow if supported in their normal posi- 
tion at glass level but with the tank empty of 
glass. The flames would illuminate the space 
under the floater very well. 

The batch piles, furthermore, are supposed to 
throw a shadow, keeping the melting end of the 
tank cold beneath them. Here again, we must 
contend that the whole of the bottom of the fur- 
nace is in the blackest shadow as far as the direct 
radiation of the flames is concerned—the black 
shadow of the upper layers of glass. Whatever 
extra coldness there may be beneath the batch 
piles arises from other causes, 7.e., the coldness of 
the batch piles themselves and the reduction of 
fluidity in their substance and neighborhood, in- 


24 Private communication from F. C. Flint. 
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volving changes in the convection currents. We 


shall return to that later. 


XXVI. Non-Convection Heating 

It has been a matter of frequent comment 
among glass men that the practice of heating glass 
tanks by flames over the top of the glass must be 
singularly inefficient. The topmost layers are the 
hottest, and therefore presumably lightest, so that 
they oppose any tendency to circulate. The 
proper way to heat glass, it is argued, is the way a 
kettle is heated, with the fire below. Unfortu- 
nately such an arrangement is mechanically im- 
practicable at present. 

This lament has undoubtedly a good deal of 
truth in it, but many years ago George Howard”® 
found that tanks were not any more inefficient 
than pot-furnaces for making plate glass, and this 
rather surprising result has stood the test of time. 

In those days it was not realized, and it is 
scarcely realized today, what a powerful pump is 
provided by the cool refining end of the tank. A 
tank gets hot for the same reason that the Black 
Sea has become salt. It is the ‘undertow’ that 
does the trick. 


XXVII. Erosion of Tank Walls 

So far we have considered the currents gener- 
ated in the tank as if they were without influence 
in the tank walls. It is well known that molten 
glass attacks the walls and dissolves them, and it 
has often been assumed that this subject falls pri- 
marily or exclusively in the field of physical chem- 
istry and can be understood only in terms of phase 
equilibrium. 

It is true that, in the absence of chemical at- 
tack, the walls would last almost indefinitely; but, 
strangely enough, it is also true that if chemical 
attack were the only factor involved, glass tanks 
would last a generation or two instead of a year or 
two. 

In what follows, it will be shown that the form 
of the erosion attests the presence of two factors, 
which, acting in rapid alternation or concurrently, 
do most of the damage to the tank. 

At some future date we may discuss a number 
of phenomena that occur in tanks due to the con- 
current action of mechanical drainage and selec- 
tive recrystallization. This involves an under- 
standing of phase equilibrium on which we have, 


% In a survey made at the suggestion of the late E. B. 
Raymond of the Pittsburgh Plate Glass Company. 
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Fic. 30.—Upper part of siliceous clay flux block after 
some months’ use. 


as yet, only partial information, but enough to 
interpret the results. Again there are certain 
phenomena involving the transport of material in 
the form of gas and, not least, there are the phe- 
nomena of upward drilling which have been dis- 
cussed by McCauley,?® Ross,*? and again by 
McCauley.* Believing that, for the present, 
McCauley’s latest version covers the subject of 
upward drilling adequately, we shall consider here 
only flux-line erosion and closely related phe- 
nomena. 


XXVIII. 


Mechanism of Flux-Line Erosion and 
Erosion Generally 

It is well known that the flux line suffers the 
most severe attack and that this attack becomes 
progressively less as we descend to lower parts of 
the flux blocks. It seems to have been thought 
that this is in the nature of a chemical attack by 
the glass, decreasing exponentially with depth; 
the reason for the rapid decrease of the attack 
with depth is not very obvious on this theory, 


G. V. McCauley, Discussion on “‘Glass and Refrac- 
tories’ (symposium), Bull. Amer. Ceram. Soc., 4 [11] 605, 
607-608 (1925). 

77 Donald W. Ross, ‘“‘Wearing Away of Tank Biocks,”’ 
Jour. Amer. Ceram. Soc., 9 [10] 641-53 (1926). 

2% Summer Meeting, Refractories Division, American 
Ceramic Society, State College, Pa., September 20 and 21, 
1935. 
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since the temperature of the glass is not believed 
to fall off at such a startling rate. 

As a matter of fact, it will be found that the 
curve of the block after considerable erosion usu- 
ally does not conform to an exponential curve. 
Generally the slope below the flux line is a good 
deal flatter (7.e., straighter, though sloping) than 
an exponential curve would give. Figure 30 
shows a fairly accurate plotting of one example. 
Tests of many others, in different tanks, show that 
the phenomenon is general. 

The nature of flux-line erosion is best under- 
stood by considering first the vertical groovings 
sometimes made on homogeneous flux blocks by 
the wash of melted tuckstones (or some such ma- 
terial) coursing down them. These grooves may 
extend from the flux line to the bottom of the tank 
and, in horizontal section, are substantially V- 
shaped when ‘‘mature”’ (Fig. 33j). It is quite clear 
that the active cutting at the base of the V is due 
to a thin current of wash from above, which by no 
means fills the V but occupies only the rounded 
bottom of the V and probably occupies even that 
only intermittently. In the early stages, the 
groove cut by the wash is a rounded one, scarcely 
larger than a lead pencil or at the most, the size of 
one’s little finger. The wash is strictly localized 
and tends to cut directly back into the clay. This 
thin vertical stream of wash would therefore tend 
to cut a deep, narrow trench or gorge, like a 
miniature canyon, Figs. 31a to 3le. 

If this canyon were first cut, and then the wash 
ceased, the tank block could be next subjected to 
the general solution attack of the glass bath. This 
attack would tend to eat out the groove as in Fig. 
32a to e, slightly increasing the depth and (pro- 
portionately) more rapidly increasing the width. 
The groove would tend to become U-shaped, and 
the U would broaden with time. 


Fic. 31. 

Let us suppose, however, that the two attacks 
proceed concurrently; or, let us first assume that 
the wash cuts a little trench, that the solution- 
attack eats it out a little, and that these two ac- 
tions alternate. The form of the groove then will 
go through the stages of Fig. 33a to . 

Finally, if the actions are concurrent, the alter- 
nations becoming rapid and the attack at each 
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Fic. 32. 


alternation being reduced to microscopic amounts, 
the form of the groove is the V we actually find. 
This mechanism will be recognized as strictly 
analogous to the mechanism by which river 
valleys are cut in damp climates like those of the 
eastern States and western Europe. The stream- 
wash at the base of the valley cuts a groove, and 
the weather attacks the side of the groove and the 


Fic. 33. 


surrounding territory. The result is a typical 
wooded or grassy valley with sloping sides, quite 
different from the canyons of the west, where 
there may be a stream, but no weather. 

When we examine the flux-line groove, we find 
that it too is a V-shaped valley, of essentially the 
same form as the vertical grooves, with straight 
sloping sides. The mechanism of its formation is 
the same. There is something, whose nature we 
shall discuss later, cutting a trench at the flux line 
and a concurrent diffused solution-attack opening 
the trench to a V-shaped valley (Figs. 30 and 33/). 
This explains the frequently remarkable straight- 
ness of the slopes. 

Chemical solution of itself would probably eat 
the blocks along the lines indicated in Fig. 34, the 
attack decreasing with depth owing to a slight fall 
of temperature, but in practice the main erosion is 
contingent upon the trenching at the flux line. 
Figure 35 shows successive stages in block attack. 

Siliceous refractories (clay blocks of relatively 
high silica content), while they may be trenched 
and grooved vertically by washes from external 
sources, do not seem normally to cut back in ver- 
tical grooves under their own wash. Their sur- 
faces tend to be smooth if the blocks are well 
made. On the other hand, highly aluminous re- 
fractories, such as Corhart, tend to groove, ap- 
parently under their own wash. 

The reason is probably that the fluxed clays, 
when high in silica, form a very acid glass of high 
viscosity. This does not flow readily, for two 
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reasons: first, that it is so viscous and, second, 
that it does not greatly exceed in density the tank 
glass with which it isin contact. It disappears in 
the general melt by a process of diffusion, the in- 
ternal surface of the tank block being in a pasty 
state at melting temperatures. 

With more aluminous refractories on the other 
hand, there is evidence that surface tension can 
gather them into drops when fluxed and that their 
density can carry them down the pasty surface of 
the refractory, cutting a trench in their descent. 
Drops can frequently be found congealed on 
aluminous tuckstones, gathering as water gathers 
on the lower side of a window sill before it drops. 


XXIX. Rumble Holes and Downward Drilling 

Descending vertical streams of highly alumi- 
nous or basic (iron-bearing) materials can not only 
cut V-shaped valleys but seem able quite often to 
start vertical drillings in the nature of rumble 
holes. These may be observed occasionally in 
siliceous clay tank blocks and more frequently in 
Corhart. 

Fluxed silica brick from the side walls above the 
flux line run down in long fingers or stalactites and, 
on meeting an aluminous tuckstone, sometimes 
flow over it and cut a trench and sometimes drill 
through it. It can be shown that this action is the 
combined effect of mechanical drainage of a 
glassy phase and a shift in phase equilibrium in- 
ducing new crystallization. 


XXX. Mechanism of the Sharp Cutting at the Flux 
ine 

The fact that the flux line is eroded away by 
two concurrent actions, one resembling a physical 
action and the other a chemical solvent action, 
raises some question as to what, exactly, the for- 
mer can be. 

McCauley supposes it to be primarily a surface- 
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tension current, and compares it with the cutting 
that takes place on a block of camphor half im- 
mersed in water. Others have ascribed it to the 
chemical activity of a layer of glass from which 
the fluxes have not yet been eliminated. Both of 
these factors have an influence, but it is the pres- 
ent writer’s belief that the dominating factor is the 
lack of buoyancy in the glass at this level, that is, 
the glass does not have the density to support the 
wall in contact with it. 

We have already seen (page 420) that, when the 
batch piles melt sufficiently to become fluid, they 
form a gravitational current of low-density glass 
spreading over the melting end and into contact 
with the flux blocks. This glass is just as compe- 
tent to attack flux blocks as refined glass would be, 
and chemical attack proceeds normally. There is 
this difference, however, that the aluminous glass 
formed at the interface, instead of being buoyed 
up by refined glass of density 2.2, is held up only 
by glass of density 1.3. It therefore drains down 
very rapidly to the level of the refined glass. This 
exposes a new surface of refractory to attack, and 
the cutting proceeds but, at the level of the refined 
glass, mechanical drainage almost ceases and only 
diffusion operates to open new refractory to the 
solvent action. The attack below the froth level 
is therefore slight. 


XXxXI. 


Comparison of Corhart and Siliceous Clay 
locks 

Figure 30 is the contour of a siliceous clay block. 
There was a Corhart block not far from it, and the 
difference of shape was noteworthy. Chemical at- 
tack on a Corhart block is less than on a siliceous 
block, so that below the flux line there was little 
attack. At the flux line, however, the groove was 
deep, and the contour is shown in Fig. 36. The 
mechanical erosion is a greater fraction of the total 
erosion, the chemical erosion a less fraction. 
Tentatively we may ascribe this to the still greater 
density difference at the flux line, resulting in rela- 
tively rapid removal of such material as becomes 
fluid. 

Siliceous refractories, when well made, must be 
attacked by outside agencies, but Corhart is its 
own destroyer. The wash from the flux-line 
erosion courses down them and wears gulleys, 
which are worn in siliceous refractories only by the 
drip of aluminous glass from clay tuckstones or, 
more pronouncedly, by fused iron-oxide slags from 
melted steel supports. These denser materials are 


very active in destroying blocks by their mechani- 
cal action on the pasty surface of blocks at high 
temperatures. 


XXXil. 


Fluctuations of Level as the Equivalent of 
Low-Density Glass 

Even in the refining end, there is more corrosion 
at the flux line than elsewhere and, though it is 
slight compared with the deep trenches cut at the 
froth contact, there is flux-line erosion of some 
degree throughout the tank. 
One contributing cause is variation of glass 
level. Tanks can not be kept exactly at one level, 
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Fic. 37.—Daly’s concept of convection currents in 
fire pit of Halemaumau (Kilauea). 
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though an effort is usually made to do this. When- 
ever the glass level falls, the pasty surface of the 
blocks is unsupported above the new level, and 
drains down rapidly, because it is much denser 
than air. When the glass level rises, the drained 
material does not rise again with it, for it is not 
more buoyant than the glass. Thus fluctuations 
of level, even if slight, tend to subject the inter- 
tidal zone to rapid removal of dissolved material 
by the action of gravity and thereby expose the 
undissolved stone behind to more attack when the 
tide returns. 

With cross-fired furnaces, using sharp fires, it 
may sometimes be observed that the fire carries 
the surface of the glass with it, causing particular 
flux-line erosion by washing on the outgoing side. 
Fluctuations of level may also be caused by varia- 
tions in the rate of glass consumption, variations 
in the rate of feeding of batch, surges (possibly 
slight, due to intermittent feeding), changes of 
temperature (especially over the week-end shut- 
down, involving changes of density in the glass), 
and so on. 

These changes of level, leaving the pasty walls 
part of the time in contact with air and partly 
submerged in adequately supporting glass, are 
equivalent to supporting the wall continuously 
with a glass of lower density and therefore produce 
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much the same effect in the long run as a layer of 
frothy glass on the surface. 


XXXIll. Flux-Line Erosion in Nature: the Volcano 
of Kilauea 

When the Fire-Pit, Halemaumau, is a-simmer 
with foaming lava, there are complex currents of 
highly gaseous basalt flowing more or less radially 
outward on the surface until they reach the pre- 
cipitous walls of the pit. There they stream 
violently and rapidly into “‘caves’” in the side 
walls, and at one time it was supposed that the 
lava made its exit there. But when the pit emptied 
itself, it was found the ‘‘caves’’ were shallow 
and blind and merely represented flux-line erosion. 
The gas-laden surface layers of basaltic glass dived 
into the caves and there lost much of their gas, 
chewed awhile at the walls, and sank into an un- 
dertow, which apparently must have gone all the 
way back to the central volcanic hole (Fig. 37). 
Above this hole, the fiery fountains of “‘Old Faith- 
ful” used to spout, indicating a rushing upward 
current of gas-laden magma from the depths, 
which, falling back, spread over the volcanic sur- 
face and swirled outward to the walls. Then, as 
indicated above, it returned to the hole along the 
lower levels of the molten bath and must have de- 
scended along the periphery of the hole into the 
bowels of the volcanic cone or of the earth.” 

This current was clearly gravitational rather 
than an effect of surface tension, and the attack 
on the side walls was an attack on a wall of the 
same composition as the glass, viz., basalt, and yet 
we had flux-line erosion just as in a glass tank. 

We should be careful of our terms, perhaps, for 
when we say “‘same’’ composition, we are not quite 
correct. The advancing frothy glass is chemically 
similar to the wall material, except that it still 
contains a lot of gas, e.g., water-vapor and sulfur. 
These are quite capable of chemical attack, 
though their percentage weight is small. Some of 
the gases actually catch fire in the caves as they 
make contact with the air. (Spurts of fire can 
sometimes be observed from bubbles rising 
through melting batch piles.) Again, the surface 
tension of a froth (as in soap-suds) is not equal to 
that of water in mass, so that surface-tension 
effects may have been active in erosion when once 


2 R. A. Daly, Igneous Rocks and the Depths of the 
Earth, p. 366. McGraw-Hill Book Co., New York and 
London, 1933. The details given by Daly are partly 
actual observation and partly conjectural. 


the froth from Old Faithful reached the side walls, 
but the power driving it thither was gravity, not 
surface tension. By analogy, we may feel reason- 
ably sure that flux-line erosion in glass tanks is not 
dissimilar in mechanism. 


XXXIV. The Boiling Cabbage and the Pail of Suds 

Daly’s supposition that there was a pipe under- 
neath Old Faithful was founded on the necessity 
for accounting for a large supply of heat to main- - 
tain the tremendous radiation from the vast sur- 
face of the fire-pit. But when, at the time of the 
present writer’s visit ten years ago, the pit was 
empty; there was no sign of any such pipe. The 
general argument, however, is not affected, that in 
a boiling pit of this sort the froth tends to rise to 
the surface, travel to the periphery, and there 
complete its degassing. The excess liquid accom- 
panying the front then sinks beneath the froth 
zone to some depth or other (not necessarily to the 
bottom) to complete the circulation. 

Anyone who has watched cabbages or potatoes 
boiling in the pot has seen similar convection 
streams, the bubbles chasing each other in frothy 
streams toward the edges of the vessel, where they 
ultimately burst. This dancing procession is 
maintained by density differences, 7.e., by gravity, 
and is assisted by surface-tension effects only in 
the immediate vicinity of the side walls. 

A pail of suds is instructive, if the suds are not 
too thick. Or a chemical beaker will do, since 
glass technologists never wash their windows or 
scrub their floors. Make a little lather with soap 
on the hands and drain some of the suds in patches 
onto the surface of a beaker full of water. A suds- 
patch has no tendency to move in any direction, 
unless its boundaries come very close to another 
patch or to the side wall of the beaker. There is 
then a powerful pull exerted, and the two patches 
coalesce, or the patch is pulled tightly in against 
the side wall like a fillet, rising far above the sur- 
face level. Obviously, if the suds were corrosive, 
the beaker wall would be attacked to a height far 
above the liquid level. 

This affinity of froth for side walls may be ob- 
served in a cup of coffee or a bowl of soup; in fact, 
it is one of the most general phenomena of nature, 
and if a limited amount of froth floats on a stag- 
nant liquid, the only stable place for it is as a 
fillet by the side walls. This, perhaps, is the prin- 
cipal reason for excessive flux-line erosion at the 
batch end of a tank. 


| 
' 
4 
| 
ad 
| 


The Behavior—and Misbehavior—of Glass in Tanks 


If a patch of suds be watched, a bubble sooner 
or later will be seen to break and leave a clear spot 
of liquid. This clear spot is then forced out to the 
margin of the patch and excreted. The expulsion 
of the nonfrothy component from the mass is 
effected with some vigor and is a striking phe- 
nomenon. Surface tension combines with gravity 
to effect the ejection of the unwanted material. 
Although we have little adequate data on the com- 
position of glass ‘“‘suds,’’ their surface tension, 
viscosity, and rigidity, it seems likely that under- 
lying the mechanical cutting at the flux line we 
may often find the action of breaking froth- 
bubbles and the forcible expulsion of the resulting 
wash. 
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Warning 


While the foregoing account of the circulation and prop- 
erties of glass in the tank and the factors effecting the de- 
struction of the tank have a certain theoretical background, 
a series of interesting analogies with the great cosmic 
processes of nature, and some confirmation from observa- 
tion of numerous actual glass tanks, the writer believes 
that the complete story would be a good deal more com- 
plex and acknowledges that much experimenting would be 
needed to prove all the points involved. The present 
paper is given tentatively, with no assumption of finality, 
and partly as an acknowledgment of the stimulating 
effect of Dr. McCauley’s excellent discussion*® of cognate 
subjects at the State College meeting of the Refractories 
Division in 1935. 
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Fireclay Deposits (1935) 


WOULD YOU PAY 


(1) $4.17 for a report of original research ? 

In 1936, the American Ceramic Society published 100 
such reports, several of which were worth to you many 
times $4.17 per report. 

(2) $4.17 for an abstract of an article? 

In 1936, the American Ceramic Society published 4953 
abstracts, many of which were worth this $4.17 to you 

(3) $4.17 for a share in an organized promotion of ce- 
ramic education and research? 

“Yes, sir!’’ is the answer to each of the questions by more 
than 1600 persons. Their judgment, singly and com- 
bined, can not be wrong. 

These sums total $12.50, a personal membership dues in 
this codperative Society. 
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NEW MEMBERS 


Corporation 
CENTRAL Sica Co., E. M. Ayers (voter), Masonic Temple, 
Zanesville, Ohio. 


Personal 

ABBOTT, GORDON H., 53 Norman Road, Greenwich, Lon- 
don, England; chemist, Armco International Corp. 

BLack, Litoyp V., 1006 Oregon Ave., Tarentum, Pa.; 
research engineer, Pittsburgh Plate Glass Co. 

Bourne, E. G., 4307 Teesdale St., Philadelphia, Pa.; 
Gill Glass & Fixture Co. 

Dixon, ANNA LANE, 815 N. Fourth St., Burlington, Iowa; 
curator of ceramics, Iowa Federation of Women's 
Clubs. 

GRAHAM, RoBERT P., Battelle Memorial Institute, 505 
King Ave., Columbus, Ohio. 

GRIFFITH, RULON L., 524 Bingaman St., Reading, Pa.; 
ceramic engineer, General Refractories Co. 

HuntT, JOHN F., 1701 16th St., Niagara Falls, N. Y.; 
development engineer, Titanium Alloy Mfg. Co. 

KLINE, Z. C., Niles Glass Works, Niles, Ohio. 

Linz, ARTHUR, Climax Molybdenum Co., 500 Fifth Ave., 
New York, N. Y.; chemical engineer. 

MAHAFFY, WENDEL A., Pittsburgh Plate Glass Co., Re- 
search Laboratory, Creighton, Pa.; chemist. 

MatIsTE, HENRY J., 518 E. Leasure St., New Castle, Pa.; 
assistant to factory manager, Universal Sanitary Mfg. 
Co. 

MILLER, CLoyp W., Mineral City, Ohio; 
The Hickory Clay Products Co. 

MorcGan, WILuiaM R., 204 Ceramics Bldg., Urbana, 
associate professor, Department of Ceramic Engineer- 
ing, University of Illinois. 


president of 


Activities 


Ora, Hrrotraro, Asahi Glass Research Laboratory, 
Ushioda Tsurumi, Yokohama, Japan; chemist. 

PARNHAM, H., General Refractories, Ltd., Worksop, 
England. 


PLUMMER, NORMAN, Department of Design, University of 
Kansas, Lawrence, Kansas; assistant and technician 
in ceramics. 

Smoot, JACK M., Atlantic Refractories Co., Carr’s Station, 
Ga.; ceramic engineer. 

SONDLES, MERRILL C., Paden City Pottery Co., Paden 
City, W. Va.; vice-president. 

STALEY, DEAN M., 704 Wilmington Ave., New Castle, 
Pa.; ceramist, Universal Sanitary Mfg. Co. 

TeMPLE, HUBERT L., 53 Norman Road, Greenwich, Lon- 
don, England; secretary, Armco International Corp. 
TERRY, GRIFFIN E., 18501 Westphalia, Detroit, Mich.; 

ceramic inspector, Plumbing Division, Briggs Mfg. Co. 

WALLACE, WILLIAM W., 205 Madison Ave., New Castle, 
Pa.; superintendent, Universal Sanitary Mfg. Co. 


Warp, WILLIAM P., 11 Sherwood St., Wellsboro, Pa.; 
chemist, Corning Glass Works, Wellsboro plant. 
Membership Workers’ Record 
Corporation 
Office 1 
Personal 
C. R. Austin 1 W. K. McAfee 3 
J. L. Carruthers 1 G. V. McCauley 1 
E. J. Crawley 1 Fred Sutphen 2 
J. S. Gregorius 2 Woldemar Weyl 1 
J. E. Frazier 1 Office 9 
R. G. Hardy 1 —~ 
Total 24 


ROSTER CHANGES DURING NOVEMBER* 


Personal 

BIEN, Pau B., Hopei Institute of Technology, Yuan Wei 
Road, Hopei, Tientsin, China. (East City, Peiping, 
North China) 

EMRICH, EMERSON W., R. T. Vanderbilt Co., 230 Park 
Ave., New York, N. Y. (East Norwalk, Conn.) 

HEATH, CHADWICK N., 3312 168th St., Flushing, L. I., 
N. Y. (New York, N. Y.) 

HERTZELL, E. A., 1029 Wooster Ave., 
(Pittsburgh, Pa.) 


Dover, Ohio. 


* Addresses in parentheses are the old addresses. 


LANGENBECK, KARL, 1698 31st St., N. W., Washington, 
D.C. (Zanesville, Ohio) 

Merck, WALTER J., Apt. 603, 140-71 Ash Ave., Flushing, 
L.I., N.Y. (Yonkers, N. Y.) 

PHILLIPSON, Epwarp G., Box 943, Flin Flon, Manitoba, 
Canada (Saskatoon, Sask.) 


Student 
HENDREN, ROBERT R., Ohio State University. 
Castle, Pa.) 
KNOBLER, ALFRED E., Virginia Polytechnic Institute. 
(New York, N. Y.) 


(New 


ANOTHER HONORARY MEMBER DIES 
Henry Le Chatelier, 1850-1936 


Member of I’Institut 

Grand Officer of the Legion of Honor 

Retired Inspector Geenral of Mines 

Senior Professor at l’Ecole des Mines and at the College de 
France 

Honorary Professor of the Faculté des Sciences de Paris 

Member of foreign academies 

Dignitary of various foreign orders 

Honorary doctor’s degrees from foreign universities 

Honorary Member, American Ceramic Society, 1934 


Dr. Le Chatelier died September 17, 1936, in his eighty- 
sixth year. He was presented with an Honorary Member- 
ship Certificate in the American Ceramic Society on April 
16, 1934. Dr. Silverman, traveling in Europe at that 
time, made the presentation. A life sketch of Dr. Le 
Chatelier and Dr. Silverman’s description of the event were 
described in The Bulletin, 13 [5] 130 (1934). 
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THE VALUE OF CERAMIC ABSTRACTS ON ENAMELS* 


By EMERSON P. Poste 


Ceramic Scientific Development 

As an old industry advances from the rule-of-thumb 
stage toward one of accurate scientific development, the 
progress is recorded in the literature, and the quality of 
that literature is in no small degree a measure of the ad- 
vancement made. An important factor in such progress 
is often the co6peration that comes through association 
in a technical society and the contributions of such an 
organization to the literature of the industry. 

With the scientific development of the ceramic indus- 
tries has come the growth of a literature, a large part of 
which has been published by the American Ceramic So- 
ciety. Not content to offer such papers as were the 
property of the Society, this organization has extended 
its usefulness through the abstracting of other publications 
throughout the world. 

On certain other occasions, we have reviewed the litera- 
ture with reference to the vitreous enameling industry, 
paying particular attention to original publications ap- 
pearing in the United States. Our present purpose ts to 
study the manner in which Ceramic Abstracts serve the 
enameling industry and to get a general idea as to the value 
of the foreign abstracts. As a basis of this work, we have 
used the issues of the Abstracts from January to October, 
1936, inclusive. 


Ceramic Abstracts—Enamel 

In determining the extent to which the abstracts serve 
the enameling industry, certain liberties with the publica- 
tion as a whole have been taken. We have omitted any 
consideration of the first three classifications, ‘‘Abrasives,”’ 
“Art and Archeology,”’ and ‘“‘Cements” as having but 
minor bearing on the Industrial Divisions of the Society 
as now set up. The last five classifications, ‘‘Equipment 
and Apparatus,’ ‘Kilns, Furnaces, Fuels, and Combus- 
tion,”’ ‘‘Geology,’”’ ‘‘Chemistry and Physics,’’ and ‘‘Gen- 
eral,’’ have been grouped together as having interest for 
all of the industrial Divisions. The remainder of the 
abstracts have been considered as to space, and the enamel 
abstracts, in some detail, as to content. 

* Extract of address before a joint meeting of Chicago 


Enameler’s Club and the Chicago Section of the American 
Ceramic Society, October 27, 1936. 


As to total space we find that, exclusive of the first three 
classifications, the abstracts for the time under investiga- 
tion have covered 251 pages as follows: 


Pages Percentage 


Enamel 24 9.6 
Glass 56 22.3 
Structural clay products 12 4.8 
Refractories 34 13.5 
Terra cotta 8 3.2 
Whiteware 10 4.0 
General 107 42.6 

TOTAL 251 100.0 


Taking the total of 144 pages definitely devoted to the 
six industrial Divisions listed and determining the propor- 
tion distribution, we have the following figures: 


Pages Percentage 


Enamel 24 16.7 
Glass 56 38.9 
Structural clay products 12 8.3 
Refractories 34 23.0 
Terra cotta 8 5.6 
Whiteware 10 10 

TOTAL 144 100.0 


An analysis of the abstracts on enamels has developed 


certain interesting data. The total of 320 individual ab-. 


stracts has been broken down as follows: 


Abstracts 
Papers { American 
Books and literature 5 
Patents { 
TOTAL 320 
These reduced to percentage figures are as follows: 
{ American 281% 
Books and literature 1.6 
Patents { 
100.0% 


For analysis and topical summary of the foreign abstracts on vitreous enamel see (Ceram. Ind., 27 [6] 444,446 (1936)). 


From these figures we are forced to the conclusion that 
the foreign literature as a whole is more prolific or that the 
abstracting of foreign literature is more thoroughly done 


Conclusion 

It would certainly be most unfair to our co-workers in 
Europe to make any direct or implied criticism of progress 
or literature and such has been far from our purpose. At 


best but a meager idea of their records could be obtained 
from abstracts of papers appearing in foreign languages. 
Our purpose has been rather to evaluate our abstracts and 
gain some idea as to what is going on across the ocean. 
We hope that our analysis may have shown that Ceramic 
Abstracts are of real merit, pointed out some ways in which 
they might be improved, and made a reasonably interest- 
ing presentation of what we have drawn from them. 


39th ANNUAL MEETING—MARCH 21-27, 1937 
WALDORF-ASTORIA, NEW YORK CITY 
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THIRTY-NINTH ANNUAL MEETING, AMERICAN CERAMIC SOCIETY 
PROGRAM OF ENTERTAINMENT 
Waldorf-Astoria Hotel, March 21-27, 1937 


R. L. Clare, General Chairman of the Local Entertain- 
ment Committee for the Thirty-Ninth Annual Meeting of 
the Society, has announced the following entertainment 
schedule. 


Monday Evening, March 22 


9:00 P.M.—2:00 A.M. 

‘“‘Get-Together”’ dance and entertainment. 

The ball room and music are to be furnished free of 
charge by the Waldorf. The music is a special re-broad- 
cast service that is used by many organizations in place of 
an orchestra, and it is much better than any orchestra can 
furnish. 

Sub-Committee: F. A. WHITAKER, F. W. DINSMORE, 
J. P. HoENIG, AND C. N. NICHOLS. 


Sunday, Tuesday, and Thursday Evenings 


General entertainment for members of the Society. 

There will be an envelop furnished to each member at 
the time of Registration containing his ticket to the In- 
formal Dance on Monday night and to the Night Club 
Entertainment on Wednesday night, and a complete line 
of circulars descriptive of the selected places of entertain- 
ment, such as the Planetarium, Radio City, National 
Broadcasting Co., trip through the ‘‘Queen Mary,” etc. 
He will also be furnished a booklet describing the entertain- 
ment program in detail. 

Sub-Committee: IRA SPROAT, CHARLES BRIAN, AND C. N. 
NICHOLS. 


Wednesday Evening, March 24 


10:00 p.m.—2:00 A.M. 

Night-club supper, show, and dance either at the 
French Casino or the new Casino that is being built. This 
will be one of the high-lights of the entertainment program, 
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and will be furnished gratis to each member registering. 
Those not registering will have to pay full price for their 
tickets. This entertainment will start at 10:00 P.M. and 
finish at 2:00 a.m., and will include dinner, show, and dance. 
By special arrangement, the entire lower floor of the 
French Casino will be reserved for us and the base charge 
will be $2.65 per person. (Each person will have to buy 
such drinks as he desires and to tip the waiter accord- 
ingly. ) 

Sub-Committee: R. L. CLARE AND J. L. WILLIAMS. 


Afternoon Entertainment 


This is usually the ladies’ entertainment, but many of 
the Society members may enjoy the suggestions offered. 

The Waldorf will furnish a room, and Miss Edna Root, 
who is thoroughly experienced on places of interest in New 
York City, will have complete circulars and data re- 
garding costs of each trip. This room will be the 
headquarters for the ladies and should be a popular inno- 
vation for the entertainment program. It was decided 
not to furnish a matinee for the ladies but to suggest 
places of interest, such as a trip behind the scenes at 
Macy’s; personally conducted tours through the kitchens 
and tower suites of the Waldorf; and trips to Radio City, 
National Broadcasting Co., etc. 

The Ladies’ Committee will be announced later. This 
committee will aid Miss Root in directing the trips planned 
for the visiting ladies. 

Sub-Committee: J. A. W1LLIAMs, J. M. GILFILLAN, C. N. 
NICHOLS, AND J. P. HOENIG. 

The Daily Bulletin published by the Waldorf will feature 
the events planned. This will be placed in each of the 
guests’ rooms each morning. 

Each sub-committee will be responsible for its portion 
of this Program as listed above. 


LOCAL SECTIONS 


PITTSBURGH SECTION 


Woldemar Weyl of the Pennsylvania State College ad- 
dressed the members of the Pittsburgh Section on ‘Color 
Problems in Glass,’’ on November 10, 1936. 

The dependence of colors on glass constitution and cool- 
ing temperatures, the effect of mineralizing agents, the 
function of potassium silicates versus those of sodium and 
lithium, the use of various oxidizing and reducing agents, 
and the phenomena engendered by solarization were only 
a part of the topics treated. 

The talk was supplemented by lantern slides and the 
presentation of a large collection of glass samples showing 
progressive color changes under selective treatment. 

—D. G. BENNETT, Secretary 


MICHIGAN-NORTHWESTERN OHIO SECTION 


The autumn meeting of the Michigan-Northwestern 
Ohio Section of the American Ceramic Society was held 
Friday, November 20, at Bloomfield Hills, Michigan. 
Dinner was served at the Fox and Hounds Inn for the 
members and their wives. The group then adjourned to 
the Cranbrook Academy, where an interesting talk was 
given by R. Guy Cowan of Onondaga Pottery Co., Syra- 
cuse, N. Y., on “Fine Art and Sculpture in Ceramics.” 

Mr. Cowan was introduced to the audience by Tom 
Place, of Mt. Clemens Pottery, a boyhood friend of the 
speaker. The arrangements were in charge of L. G. Tait, 
Champion Spark Plug Company. About 100 persons 
attended.—K ARL SCHWARTZWALDER, Secretary-Treasurer 
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LOCAL SECTION OFFICERS 1936-1937 


Baltimore-Washington Michigan-Northwestern Ohio 
Chairman: C. H. Hahner, Washington, D. C. Chairman: Macon Trabue, Mt. Clemens Pottery Co., 
Secretary: G. R. Shelton, National Bureau of Standards, Mt. Clemens, Mich. 
Washington, D. C. Secretary: Karl Schwartzwalder, A C Spark Plug Com- 
om pany, Flint, Mich. 
ifornia 
Chairman: B. M. Burchfiel, Gladding, McBean & Co., “eae tek Kreitzer, Columbia Brick Co., Portland 
Secretary: T. S. Curtis, Curtis Industrial Research Lab., 
Huntington Park, Calif. Wash. 
Central Ohio Pittsburgh 
Chairman: C. R. Austin, Battelle Memorial Inst., Colum- Chairman: H. B. DuBois, Consolidated Feldspar Corp., 
bus, Ohio East Liverpool, Ohio 
Secretary: M. C. Shaw, Edward Orton, Jr., Ceramic Secretary: D. G. Bennett, Mellon Institute, Pittsburgh, 
Research Foundation, Columbus, Ohio Pa. 
Chicago St. Louis 
— G. G. Hanson, Erwin Feldspar Co., Chicago, ssi rng J. W. Wright, Owens-Illinois Glass Co., 
ton, Ill. 
Secretary: H. V. Kaeppel, Industrial Publications, Inc., Secretary: R. L. Blessing, Laclede-Christy Clay Products 
Chicago, Ill. Co., St. Louis, Mo. 


Annual Meeting—Division Summer Meetings—Local Section Meetings— 
Student Branch Meetings—These are Together Opportunities” 


SCHOOL NOTES 


NAVIAS DESCRIBES RESEARCH DEVELOP- 
MENTS TO ALFRED CERAMIC STUDENTS 


About 150 people, both faculty and students at Alfred 
University, enjoyed the privilege of hearing Louis Navias 
speak on the subject of ‘‘Recent Developments in the Ce- 
ramic Field both in Europe and America.’”’ The occasion 
of Dr. Navias’ talk was the first meeting of the Student 
Branch of the American Ceramic Society at the New York 
State College of Ceramics, Alfred, N. Y. 


UNIVERSITY OF CALIFORNIA CERAMIC 
COURSE 


Opening date of a course in Ceramic Technology, con- 
ducted by W. M. Cohn, ceramic consultant of Berkeley, 
California, is announced by the University of California 
Extension Division. Classes will be held in Oakland, be- 
ginning Friday, January 22, 1937, at 7 P.M. 

The course is planned for members of the ceramic indus- 
tries who are already familiar with one phase or another of 
manufacturing or handling ceramic products. Dr. Cohn 
believes that a broader knowledge of the basic fundamen- 
tals applied to the various branches of the ceramic indus- 
try may help in drawing conclusions for the particular line 
of work followed by the individual. 

The classes should also appeal to individuals who have 
some experience with ceramic art work as an avocation. 
Those who are planning later to take ceramic courses in 
one of the universities offering a full ceramic curriculum 
may get a general idea of fundamental sciences applied to 


ceramic problems. There is a marked increase in interest 
in ceramic work in California. Paul G. Herold 
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PAUL G. HEROLD INSTRUCTOR AT SCHOOL 
OF MINES AND METALLURGY, ROLLA, MO. 


Paul G. Herold assumed his duties as instructor in the 
Ceramic Department of the School of Mines and Metal- 
lurgy, University of Missouri, Rolla, Mo., September 1, 
1936. He succeeds Frank J. Zvanut, who has been gradu- 
ate assistant in the department for the last three years 
and who has completed his work leading to a Ph.D. 
degree. Dr. Herold’s training and experience especially 
qualify him for teaching the courses in physical and chemi- 
cal properties of ceramic materials, whiteware, and en- 
amels. 

Dr. Herold was born at Mansfield, Ohio, May 13, 1909, 
and received his preparatory schooling at Canajohari, 
N. Y.; Miamisburg, Ohio; Columbus, Ohio; Chicago, 
Ill., and New Philadelphia, Ohio. In 1931, he received a 
B.S. degree in Ceramic Engineering from Ohio State 
University. 

In 1932, Dr. Herold received his M.S. degree in Ceramic 
Engineering at Ohio State University. He was elected 
to Sigma Xi and was a Fellow for the Edgar Plastic Kaolin 
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Company. He received his Ph.D. in Ceramic Engineering 
from Ohio State University in 1934, his dissertation being 
“Control of the Physical Properties of Ceramic Casting 
Slips.’”” His summers were spent at Columbus Tile and 
Brick Co., Columbus, Ohio; Ohio Sanitary Co., Salem, 
Ohio; and on research for Old Hickory Clay Co., Padu- 
cah, Ky. 

Since June, 1934, Dr. Herold has been employed as Ce- 
ramic Engineer for the A C Spark Plug Company, Flint, 
Mich. He spent several months in 1935 in intensive study 
with G. L. Clark, University of Illinois, Urbana, IIl., on 
the theory and technique of X-ray, after which he returned 
to the A C Spark Plug Company as réntgenologist. 

In addition to his teaching duties at the Missouri School 
of Mines, Dr. Herold will also carry on research. The 
problems under investigation at the present time include 
high-temperature chemistry of refractories and stains, 
as well as the development of a new type of insulating 
refractory brick. 


Dr. Herold has been a member of the American Ce- 
ramic Society since 1930. 


CERAMIC ART DEPARTMENT, UNIVERSITY OF SOUTHERN CALIFORNIA 


Pottery by Glen Lukens,' Los Angeles, Calif., awarded first prize for pottery ($100 by Onondaga Pottery Company, 
(2) yellow bowl (raw aikaline glaze); 


Syracuse, N. Y.). (1) Bowl (gray and platinum); 
alkaline glaze). 


1 Fifth National Ceramic Exhibition. 


For story see The Bulletin, 15 [11] 408 (1936). 


and (3) blue bowl (raw 


2 
a 
2 
4 
—— 
ger 
a 


440 


Bulletin of the American Ceramic Socitety—A ctivities 


Way 
— 


Emerald green bowl (enamel) by H. Edward Winter, Cleveland, Ohio, awarded special prize for enamels.! 


RULES FOR PRESENTATION OF PAPERS AT TECHNICAL SESSIONS OF THE 
AMERICAN CERAMIC SOCIETY* 


1. General Procedure 
(1) Listing of Papers 

The papers on the Division Programs will be called in 
the listed order. Except at the discretion of the presiding 
officer the order will not be altered. Papers called with- 
out response will automatically go to the end of the list 
where they may be called if time permits. Titles sub- 
mitted too late to appear on the program will be announced 
at the opening of the meeting and will be given place at 
the end of the regular program. 

Papers listed by authors who are not present at the 
Meeting will not be read unless those present express 
by vote their wish to hear them. Written discussions 
are desired and invited and, if made known, such will be 
given hearing before extemporaneous oral discussions. 


(2) Presentation of Papers 

Careful preparation of papers and attention to the 
manner of presentation are as necessary to the speaker 
facing a technical audience as they are to the lawyer plead- 
ing at court. 

Authors, except specially invited lecturers, are expected 
to present their papers in 15 minutes. Where the text 
is long or the mass of data is too great to permit this, the 
paper should be abstracted and only the salient points pre- 
sented in order to keep within this limit. The Chairman 
may extend the time of a speaker on vote of those present. 

A careful selection and summarization should be made 
of the most important parts of each paper. This should 
include not more than one thousand words and should be 
less for slow speakers. While undue haste will lessen the 
effectivensss of the speaker, lengthy pauses due to un- 


1 Fifth National Ceramic Exhibition. For story see 
The Bulletin, 15 [11] 408 (1936). ; 
* Adopted by the Committee on Publications, American 


Ceramic Society, 1933. 


familiarity with the speech are a waste of time and are ex- 
tremely trying to the listeners. 

There are four ways of delivering an address: (1) 
Reading from manuscript. Reading with the eyes almost 
constantly on the manuscript is emphatically condemned. 
This method wili not hold the attention of the audience. 
(2) Speaking from notes. Speaking from notes is less dis- 
turbing to the listeners than reading from the completed 
manuscript. (3) Speaking memoritor. A thoroughly well- 
memorized speech can be successful if learned so well that 
the speaker is not haunted by fear of forgetting so that 
when speaking he can realize the full significance of what 
he is saying. (4) Speaking extempore. This is the most 
effective method of delivering a speech. It demands 
most thorough preparation. The speaker should write 
and rewrite the address several times, then read it aloud 
at least twenty times, each time trying to convey the mean- 
ing to an imaginary audience. Afterward, he should speak 
it aloud without the manuscript many times, making no 
attempt to memorize it verbatim, but leaving the choice 
of words to the occasion. If inexperienced, it is always 
an aid to confidence to memorize the introduction and 
conclusion. 

Speakers are urged to use medium-sized filing cards that 
can be held in one hand leaving the other free for motion. 
Cards should not be written on both sides, and only one 
idea should be written on each card. 

When the Chairman has introduced the speaker to the 
meeting, some person in the last row of the audience should 
be selected and addressed, slowly, distinctly, and loud 
enough so that he can hear at all times. When showing 
slides, this person should be addressed. Do not talk to the 
screen. 


(3) Lantern Slides 
The slides should be of the standard American size, 
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The lettering should be of such size 


3'/4 by 4 inches. 
as to be easily read at a distance from the screen. 


(4) Preprinting of Papers and Committee Reports 

The Committee on Publications will use its best en- 
deavors to have the papers and committee reports to be 
presented at Annual Meetings available in printed form 
at the Meeting. To render this practicable, the manu- 
scripts should be sent to the Editor at least two months in 
advance of the Meeting at which they are to be presented. 
It is manifest, however, that if all papers forming part of a 
comprehensive program should be received only two 
months in advance of the Meeting, it would not be pos- 
sible to have them all in type in a single month. Authors 
and chairmen of committees are accordingly requested to 
furnish their manuscripts as far in advance of the Meeting 
as possible. 

In general, the sequence in which the papers are re- 
ceived will determine the sequence in which they will be 
preprinted. 


(5) Discussions 

All written discussions shall be placed in the hands of the 
Division Chairman prior to the session at which they are 
to be presented. Such written discussions shall take 
precedence over oral discussions. In the presentation of 
written or oral discussions the speaker will, in general, be 
limited to 5 minutes, but this time may be extended at the 
discretion of the chair or by vote of the meeting. 


(6) Publication in the Technical Press 

No paper, committee report, or written discussion shall 
be released for publication in the daily or technical press 
in advance of its presentation except by authority of the 
Committee on Publications, nor after its presentation un- 
less it has previously been edited by the Committee or the 
Committee agrees to release it without editing. 


Il. Division Editorial Committee Procedure 
(1) Committee Personnel 
Each Committee should consist of three members chosen 
by their Division officers and members. One of the three 
persons named should be appointed chairman of the Com- 
mittee. 


(2) Procedure 

Editor’s Work: The paper usually is first edited by 
the Editor of the Journal in such manner as he should 
judge best suited for publication purposes. If the paper 
is cut and written over to a great extent, the author’s 
original copy should also be submitted with the revised 
copy to the Committee. This enables the Committee to 
judge the value of the Editor’s suggestions and to restore 
portions if they are agreed on such action. 

Committee Procedure: (a) The paper is then for- 
warded to the Chairman of the Division Committee under 
whose supervision the paper falls. After checking the 
paper, the Chairman forwards the paper to the second 
member of the Committee together with his comments. 

(b) The second member of the Committee, after re- 
viewing the paper, makes his suggestions and forwards 
the material to the third member of the Committee. 

(c) From this point the present Division Editorial Com- 
mittees are at variance in procedure. The third member 
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of the Committee reviews the paper and checks the ac- 
cumulated evidence as to its suitability for publication, 
and (1) returns the material with his comments to the 
Chairman of the Committee, or (2) reviews the material 
and then returns it to the editorial office with the final 
instructions as to the disposal of the paper. 

The first plan (1) seems to be the most logical and in 
practice seems to have been the most successful. 

(d) Where the Committee disagrees with statements of 
the author but considers the fundamental! work worthy 
of publication, the paper with these comments is returned 
to the author by the editorial office with the recommenda- 
tion that he clear up the points in question. 

(e) Where the paper does not seem to fit in with the 
standard quality for the Journal or for The Bulletin, 
the paper is returned to the author so that he may submit 
it elsewhere for publication. In case of disagreement, the 
paper becomes the property of the author. 


Ill. Important Constitutional Provision 
Article X. Publications 

The rejection of papers will be determined chiefly on 
the following grounds: (1) The subject matter does not fall 
within the field of the Society’s activities. (2) The paper 
contains matter readily found elsewhere. (3) The con- 
tents are of an advertising character. (4) The author con- 
troverts well-established facts. (5) The subject matter is 
not new. (6) The subject matter is essentially of a specula- 
tive nature. (7) The treatment is seriously defective as 
to literary form and structure, continuity of thought, 
clarity of expression, etc. 

Note: The Publications Committee has adopted a rule 
for its own procedures that (1) no paper or report will be 
published by the Society that will appear elsewhere in 
English except as a reprint from the publications of the 
Society; (2) officers of Divisions may at their own dis- 
cretion accept, for meeting programs, papers and reports 
subject to reservation of publication rights by the author. 

The Committee on Publications shall determine which 
papers shall be printed. The Committee may return a 
paper to the writer for change or correction and may call 
to its aid one or more members of special experience re- 
lating to the subject treated, either to advise on the 
paper or to discuss it. 

All papers, discussions, and other writings which have 
been presented before the Society, its Divisions, or Sec- 
tions, and all committee reports shall become the property 
of the Society. Their publication or other disposition 
shall be in the hands of the Committee on Publications. 


IV. Suggestions to Authors for the Preparation of Papers 
(1) General 


Papers should be submitted typewritten in double or 
triple space to permit mechanical editing for the printer. 
White paper, 8!/2 by 11 inches, should be used and the 
original and one copy should be sent to the Editor. 

An abstract statement of the procedure and conclusions 
of the problem of the paper should be submitted with the 
manuscript. The length of this abstract will depend on 
the subject matter of the paper. All of the important re- 
sults should be included in the abstract. Ordinarily one 
hundred words is sufficient for this statement. 
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(2) Footnote References 

The first reference is a star (*) stating where the paper 
was presented and the date of its receipt in the Society 
offices. 

Other footnote references are numbered consecutively 
from 1 up, and the following order should be used: author’s 
name, title of book or paper, journal name, volume num- 
ber, issue number, page number, and year. Book titles 
are never put in quotation marks. Articles from publica- 
tions are always put in quotation marks. 

Example: (1) Hewitt Wilson, Ceramics, Clay Tech- 
nology, pp. 120-41. McGraw-Hill Book Co., Inc., New 
York, 1927. 

(2) F. A. Kirkpatrick and W. E. Williams, ‘‘A Cone 
Nine Vitrified Floor Tile Body,’’ Jour. Amer. Ceram. 
Soc., 15 [1] 28-33 (1932). 

For abbreviations of periodicals, the style as found in 
Ceram. Abs., 9 [12] 1116-27 (1930) should be used. 

Bibliographies should appear at the end of the paper and 
the style for footnotes should be used for books and papers. 

References to patents should include patentee, assignee, 
name of patent (or title), patent number, and issue date. 

Example: A. N. Cramer (Owens-Illinois Glass Co.), 
Glassware Annealing Leer, U. S. 1,854,452, April 19, 1932. 

Norte: Responsibility for the accuracy of references 
rests entirely with the author, although the editorial office 
spends a great deal of time in verifying such material. A 
reference has no value if it is incorrect. 


(3) Tabular Material 

All tables are set up without rules. It is important that 
this material be double spaced in a manner similar to the 
body of the paper. Tables are numbered with Roman 
numerals from I. 

Abbreviations are permitted in tabular headings, but 
never use (”) for inch, (’) for foot, and similar signs. It 
is permissible, however, to use a slant line (/) for per. 


(4) Photographs and Line Drawings 

All illustrations accompanying a paper should have con- 
secutive Arabic numbers from 1 up, e.g., Fig. 1, Fig. 2, etc. 
Separate Roman plate numbers are confusing. The 
figures (photographs and line drawings) should follow 
consecutively and will be placed as close as possible to 
their reference in the text. All references to these figures 
should be made in the same terms as expressed on the 
figure, z.e., Curves 1, 2, and 3, or A, B, and C should have 
similar reference in the text of the paper. Where a com- 
plete description of the cut is given in the paper, care 
should be taken not to duplicate this material in the legend 
of the figure. Authors should indicate the position of 
figures by marginal notations. 

Whenever possible, line drawings should be supplied 
ready for the engraver. They should be submitted on 
tracing cloth or plain white paper, drawn to a scale large 
enough to permit a three-fourths reduction on a drawing 
of 8'/s- by 1l-inch size. Lettering on such a drawing 
should be */;. inch and numbers should be at least !/s inch. 

X-ray and photomicrographs are not reduced in size, 
but wherever possible are trimmed to leave only the es- 
sentials for reproduction. 

Blueprints and photostats can not be used for reproduc- 
tion, 


(5) Headings on Papers 

The title of the paper is always all capital letters with no 
punctuation. 

Headings are not underscored. 

Following the abstract of the paper, the usual order 
is (1) introductory material, stating the problem and rea- 
sons for the report, (2) historical survey of previous work, 
(3) plan of procedure and apparatus, (4) test methods, (5) 
test results, (6) discussion of results, and (7) general con- 
clusions. Of course, there is a standard set of main 
headings wanted; the main center headings to be used 
depends on the material being reported. This outline is 
only general but these titles, if used, are centered and 
numbered in Roman numerals. Occasionally it may be 
necessary to insert a centered subtitle which is used with 
capital letters in parentheses. Side headings are num- 
bered in Arabic numbers in parentheses and if sub-side 
headings are required, lower case letters in parentheses are 
used. (In addition to the example given, the writer is re- 
quested to check recent issues of the Journal.) 


Example: I. Introduction 
II. Present Work 
(A) Mo Spiral Winding and MgO Re- 


fractory 
(B) Zigzag Winding and MgO Refrac- 
tory 
(1) Zigzag Welded Winding (side 
heading) 
(a) Sub-side heading, if nec- 
essary 


V. Miscellaneous Rules 

(1) Do not use professional titles and Mr. with names 
(except where there are no initials given). 

(2) Use dieresis with 06 and eé (not hyphen). Ex- 
ample: coéperation. 

(3) Pounds, feet, inches should be spelled out in the 
text, except where a long series of weights or dimensions 
occurs. 

(4) Abbreviations used in the text are as follows: 


3 lb. (not Ibs. or #) 18% (not 18 per cent) 
7 ft. 6 in. (not 7’ 6”) 92°F (not degrees or Fahr.) 
9 by 12 ft. (not 9x 12) No. 2 (not #2) 


(5) Use “x” for “by” in expressing dimensions in 
tabular material. 

(6) Omit comma in figures up to 10,000 (1492 not 
1,492). 

(7) In decimal numbers having no units, place a cipher 
before the decimal point (0.641 not .641). 

(8) If Greek letters or mathematical symbols are used, 
indicate identification in the margin. 

In formula material, where the printer may confuse the 
typewritten letter ‘‘l’’ and the numeral “‘1,’”’ indicate their 
correct use. This also applies to the capital O and the 
numeral zero. 

(9) At the beginning of a sentence, spell out numerals. 

(10) Where one number follows another without punc- 
tuation, spell out one of them, preferably the first (sixteen 
4-in. sheets). 

(11) Spell out numbers from 1 to 10 unless used in 
series. 
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NOTICE TO 1937 MEETING PROGRAM CON- 
TRIBUTORS 


(1) Abstracts for Program Book 

The purpose of the abstract is to give (1) a more definite 
description of the nature and scope of the paper than can 
be conveyed in the title, (2) the essential results insofar as 
may be possible in the limited space allowed. It is hoped 
that the advance publication of these abstracts will pre- 
pare those attending the Meeting to consider the papers 
more intelligently and with much greater interest. Au- 
thors are urged to codperate in this effort by preparing 
their abstracts carefully with this end in view. Greek 
letters, unusual symbols, and complex mathematical 
formulas should not be used. These abstracts will be 
published in the Program. They are understood to be 
ready for final publication as submitted. Authors will 
have the opportunity to correct any misprints in the 
Program before final publication in the Journal. Ab- 
stracts must contain not more than 350 words. 


(2) Bibliography 

Exact references should be given to previous publications 
(of the author or others) with which the audience should 
be acquainted in order to understand the paper. 
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(3) Time for Presentation 

The number of minutes required to present the paper 
briefly but adequately should be indicated. The author 
should make this estimate carefully. It may be necessary 
to decrease the time asked, but the Program Committee 
will be guided by the estimate insofar as time and the 
rights of others may permit. 


(4) Important Notice 

The abstract must be typed. 

This is copy for the printer and it is desired to print 
promptly and with as few corrections as possible in proof. 

To be included in the Program book, this abstract must 
be in the hands of the Secretary not /ater than February 
15. There will be no Supplementary Program. 

By articles in its Constitution and By-Laws, the Society 
reserves the right of original publication of all contributed 
papers presented at its meetings. 


(5) Preprinting 

Only committee reports and papers reviewed by a Divi- 
sion Editorial Committee will be preprinted and then only 
in the Journal or The Bulletin issues of February and 
March. 


COMMUNICATIONS—CERAMIC HISTORY 


ART AND SCIENCE IN THE DEVELOPMENT OF ROOKWOOD POTTERY 


By H. F. Bopp 


Maria Longworth Storer 

In 1874, Maria Longworth! and a group of friends 
started decorating in overglaze colors, firing in regular 
decorating kilns until, at the Philadelphia Centennial Ex- 
position of 1876, the Japanese Exhibit inspired her to make 
pottery. To carry on this work she wanted a pottery of 
her own, and she was so eager that she wished to import a 
complete Japanese pottery, workmen and all. 

In 1879, she went to the Dallas Pottery of Cincinnati, 
where she made her first experiments in clay, glaze, and 
There she met Joseph Bailey, a practical English 
The hard fire of 


color. 
ceramist, who helped her develop colors. 
the granite-ware kilns destroyed nearly every color she 
used. In the midst of discouragements, her father came 
to her rescue in the spring of 1880 and offered her an 
abandoned schoolhouse on Eastern Avenue, purchased 
at a sheriff’s sale. Mr. Bailey helped with her plans 
but because he felt that he could not leave Mr. Dallas 
during the latter’s life time, he offered the services of his 
two sons. 


1 For many years and until her death on May 4, 1982, 
Mrs. Storer was an Honorary Member of the American 
Ceramic Society. For her own story of Rookwood Pot- 
tery, see The Bulletin, 11 [6] 157 (1932). See also Ohio 


Geol. Surv. Bull., pp. 91-94, No. 26 [4th Ser.] 1923; and 
Charles Theodore Greve, Centennial History of Cincin- 
nati, Vol. II, pp. 187-88. 


This was the start of the Rookwood Pottery, nan.ed after 
her father’s country estate, which in turn had been named 
after an old elm tree frequented by crows or rooks. 

The first kiln was drawn in November, 1880, after much 
difficulty caused by the handicaps of primitive equipment, 
high water, and lack of light in the old schoolhouse. 


Transition from Hobby to Business Establishment 

For several years the pottery was simply an expensive 
luxury, kept going only by Mrs. Storer, who devoted her 
wealth as well as her genius to it. In 1883, her friend, 
William Watts Taylor, assumed the active and enthusiastic 
management as partner of Mrs. Storer. 

As often seems the case, this ““‘home art’’ was not really 
appreciated until Rookwood was awarded a Gold Medal 
at the Paris Exposition in 1889. 

In 1881, Mr. Bailey joined Mrs. Storer as superinten- 
dent, leaving in 1884 and returning in 1888. In 1885, Karl 
Langenbeck served as chemist and superintendent. 

Upon Mrs. Storer’s retirement in 1890, she transferred 
her interest to Mr. Taylor, who formed the present Com- 
pany and, under his direction as president, the present 
buildings were erected in 1892 and 1899 

In the 1890’s, Mr. Burt and Mr. Wareham became as- 
sociated with Rookwood and on the death of Mr. Bailey 
in 1898, Mr. Burt took complete charge as ceramist ard 
superintendent. 
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Many of the artists, both men and women, who came to 
work at the Pottery studied at the Art Academy, and 
through J. H. Gest’s connections with the Museum and 
Art School and his interest in the work of his students and 
in pottery, he naturally was brought in contact with Rook- 
wood. After a number of years, Mr. Taylor wanted 
Mr. Gest to give the artists’ work more direct attention 
and gradually he was brought into administrative prob- 
lems and became vice-president. 

Mr. Taylor, to insure the carrying on of the ideals and 
work started by Mrs. Storer and so competently continued 
by him, appointed a Board of Trustees in his will to handle 
his controlling interests, and during the reorganization 
following Mr. Taylor’s death in 1913, Mr. Gest became 
president, associated with Mr. Wareham as vice-president 
and Mr. Burt as secretary.” 


William Watts Taylor 


Art and science have worked together from the begin- 
ing of Rookwood. The organization can be compared 
to a symphony orchestra, the chemists making and de- 
veloping the instruments, the artists creating beauty by 
the use of these, directed and guided by the administration 
and inspired by old traditions and masterpieces, and de- 
veloping new and modern compositions. 


2 Mr. Wareham now occupies the positions of vice- 
president and treasurer and is one of the trustees ap- 
pointed by Mr. Taylor’s will. Mr. Gest died in 1935. 


Development of the Artists and the Artistic 

A product of Rookwood can not be credited to any one: 
person; it is the product of a group of persons, each one 
of whom contributes his particular talents to its creation. 

It takes several years for artists to acquire the ability to 
handle ceramic materials and to develop their own methods 
and individuality. They are given much freedom for ex- 
pression; some have mastered several methods and types. 
The glazes, colors, and clays are worked in almost every 
conceivable manner and condition and by combinations 
of methods. Work by the artists is done on wet clay, dry 
clay, fired clay, and on glazed pieces, and always with a 
glaze put over the decoration. Rookwood produces prac- 
tically no overglaze decorating as the process is generally 
understood. Glazes and colors are applied in many ways: 
by brushes, knives, crayons, modeling tools, dipping, and 
by spraying with air brushes. 


John Dee Wareham's Activities 

John Dee Wareham came to the Pottery as a designer 
in the ‘nineties.’ He was trained under Nowottony, 
Meakin, and Duveneck, of the Cincinnati Art Academy. 
He showed such exceptional ability that Mr. Taylor gave 
him a travel scholarship in Europe.* 

It was to a great extent through Mr. Wareham’s in- 
fluence that the “Iris type’’ of decoration, using a clear 
colorless glaze, was developed. This created wide favor 
at the Paris Exposition of 1900. 

Mr. Wareham collaborated with Mr. Burt in designing 
the first pieces of ‘‘Vellum”’ ware and in 1904 was awarded 
a bronze medal at the St. Louis Exposition for his part in 
this work. A mat, almost transparent, with the texture 
obtained in the firing and not by acids or abrasion, up to 
that time was very unusual. 

Mr. Wareham also aided in Rookwood’s pioneering into 
the field of architectural faience. He designed the Rath- 
skeller in the Seelbach Hotel and the Norse Room in the 
Fort Pitt Hotel. These today are among the outstanding 
examples of architectural tiling in the country. 


Stanley G. Burt at Rookwood 

Stanley G. Burt was graduated from Yale in 1892, and 
started immediately at Rookwood Pottery as chemist. 
In 1894, he studied the chemistry of pottery at the K6nig- 
liche Hochschule at Berlin, and later did graduate work at 
the University of Cincinnati. 

Mr. Burt had the feeling of an artist and a lively scien- 
tific imagination. He set himself to control and to de- 
velop the pottery processes. 

On Mr. Bailey’s death in 1898, Mr. Burt was prepared 
to take complete charge as chemist and superintendent. 
About 1905, he secured Otto Metzner, an experienced and 
practical pottery and tile manufacturer. ; 

Mr. Burt’s system and methods of experimenting can be 
described in one general way. He accumulated by experi- 
ments and any other sources as much detail information 
about each possible ingredient and mixture as could be ob- 
tained. He kept complete and accessible records as well 
as fired samples. All mixtures, whether results were good 

3 A similar travel scholarship was given by Mrs. Storer 
and the Pottery to Artus Van Briggle. Unfortunately, a 
few years after his return from Europe, ill health com- 


pelled him to move to Colorado, where he continued his 
pottery work by establishing the Van Briggle Pottery. 
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or bad, were carefully recorded. Fired and written records 
of nearly a quarter million mixtures of glaze ingredients, 
colors, and bodies have been preserved, about forty thou- 
sand of which are usable, desirable, and different in color, 
tint, and texture. Over five hundred glazes are kept in 
stock for daily use and, in addition, several different bodies 
and hundreds of decorating colors. With this library of 
fired trials for reference and study, further development 
and the solving of difficulties is simplified. 


Technical Development 

After some years of using colored bodies, Rookwood 
drifted back to a white body, mainly because the tech- 
nique of firing had been so improved that the colored slip 
decorations could be preserved, even in delicate shades, 
and not completely fired out as happened so frequently at 
first. This resulted in changing from the standard yellow 
to the ‘Iris type’ and later to the ‘“‘Vellum.’’ Ware of 
each of these three types is decorated with slips containing 
mineral colors while the pieces are still moist. After 
decorating, drying, and firing, the glazes are applied. 

Mouth atomizing is very old. The Chinese used a 
bamboo with silk lawn over one end and dipped it in color 
and blew it on the ware. Rookwood developed mechani- 
cal atomizing as a forerunner of all paint spraying and 
actually had a patent on it. 

Rookwood first made mat glazes in the early 
and full development took place in the ‘“‘nineties.’’ At the 
Buffalo Exposition in 1901, these mats were absolutely 
unique in refinement of technique and variety of brilliant 
colors. At that time inlay mats were made, a tedious 
process of glazing the wet clay piece, then cutting the 
design through to the clay, and inlaying a glaze of another 
color. 

The production of the aventurine glaze known as ‘“‘tiger 
eye’’ was an accident, and still is, but Mr. Burt learned 
under what conditions the ‘‘accident”’ was likely to develop. 

The usual mat is opaque. By many trials, ‘“‘by the 
try, then try again method,” Mr. Burt succeeded in finding 
a mixture that developed into a mat, which he called 
“Vellum,’’ but which was transparent enough to be used 
over colored slip decorations. Just enough opacity re- 
mained to give a soft haziness like that which is noticeable 
when looking at the hills surrounding Cincinnati. 


eighties”’ 


Notes and News 445 


The ‘““Ombroso”’ type of mat glaze was brought out in 
1910. It was a crystalline mat in quiet tones of gray and 
brown with occasional accents of other colors. Decora- 
tions, if any, were of relief modeling or incised designs. 
Often crystals large enough to be easily seen would sepa- 
rate out and being of different chemical composition than 
the remaining glaze would be a different color, giving the 
impression that two or more glazes of different colors were 
used. 

At the Easter period of 1915, Rookwood’s soft porcelain 
made its public appearance. It was characterized by 
rich, heavy, single color glazes flowing over forms per- 
fectly plain or enriched with subtle low relief modeling or 
sometimes by designs flatly painted on the clay body. 

The development of this vitrified soft porcelain body 
allowed free use of the crackle type of glaze, such as the 
highly alkaline copper blue glazes which Mr. Burt was 
developing at about that time. If the body is vitrified 
there is no danger of seeping when a crazing glaze is used. 
It also makes the firing range small and comparatively 
sensitive, but this is no hardship because the kilnmen are 
used to this condition. Most of the glazes used at Rook- 
wood are of freakish composition and on a line between 
the development of widely different glazes. This is 
especially true of the crystalline type such as the trans- 
mutation mats; a few degrees too high or too low either 
spoils them or leaves them undeveloped. 

The decorated porcelain type is often made by painting 
glaze on the biscuit piece. After drying, the design is 
painted on, using underglaze colors, colored glazes and 
mixtures, and more glaze over the decoration; all are 
then fired together, resulting in a decoration suspended 
between two layers of glass and giving a depth and quality 
that we do not know how to get in any easier way. 

A type of decorated mat is made in a similar way except 
that the first coat is put on with an air brush, leaving a 
pebbly surface. 

All individually decorated pieces are signed by the 
artists. Largely through Mr. Burt’s developments and 
solving of problems and difficulties arising have the artists 
realized their ambitions in a practical way. 


UNIVERSITY OF CINCINNATI 
CINCINNATI, OHIO 


NOTES A 


ND NEWS 


CORNING GLASS WORKS ACQUIRES MACBETH-EVANS GLASS COMPANY 


Corning Glass Works, the world’s largest maker of tech- 
nical glassware, has acquired the famous Macbeth-Evans 
Glass Company of Pittsburgh, it has been announced in a 
joint statement by officers of the two companies. Nego- 
tiations leading to the purchase have been completed and 
the action has been ratified by the Boards of Directors of 
the two companies. Ratification by stock holders should 
be completed in time to permit operation on the new basis 
on January 1, 1937. The two manufacturing plants of the 
Macbeth-Evans Glass Company, located at Charleroi, 
Pa., and Elwood, Ind., will be operated as divisions of the 
Corning Glass Works. 

Amory Houghton, President of Corning Glass Works, 


has issued the following statement concerning the merger: 


“This move brings together two companies whose re- 
search and development has been outstanding in different 
fields of the glass industry. It should do much to hasten 
the advance of glass as a material of greatly widened use. 
The current production in the two factories of the Mac- 
beth-Evans Company will effectively supplement the pro- 
duction at the Corning Glass Works, carried forward in 
its present six factories. In general, policies of production 
and personnel of the Macbeth-Evans units will be con- 
tinued precisely as heretofore, these units becoming di- 
visions of the Corning Glass Works "’ 
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Macbeth-Evans Glass Company 


The Macbeth-Evans Company, whose head offices are 
at Charleroi, Pa., near Pittsburgh, was founded in 1872 
by George Alexander Macbeth (1846-1916). George D. 
Macbeth, son of the founder has been president of the 
Company since 1927. The original company, known as 
the Macbeth Glass Company, was merged in 1899 with the 
Thomas Evans Company, which had been established in 
1869. The Macbeth-Evans Glass Company established 
its early reputation in manufacturing lamp chimneys for 
kerosene lamps. From this early start in the lighting field, 
the Macbeth Company has become recognized as the lead- 
ing manufacturer of standard and special glass for lighting 
purposes, manufacturing glass shades and reflectors, street 
lights, home, factory, and office lighting glass, automobile 
headlight lenses, and railroad signal glass. Other items 
include electric meter covers, gasoline filling station pump 
covers, and godet wheels for the rayon industry. The 
Company has long been famous for its precision work 


George D. Macbeth, President, Macbeth-Evans Glass 
Company 


for the U. S. Navy and Federal Lighthouse Service, manu- 
facturing lenses for lighthouses all along the Atlantic 
Coast plain and for all of the lighthouses controlling 
traffic in the Panama Canal. More recent developments 
include glass construction blocks for building purposes, 
architectural glass, and the current manufacture of glass 
tile for the roof of the Mid-Town Tunnel under the Hud- 


facturer of tumblers and of pressed tableware of all varie- 
ties. 
Corning Glass Works 

Nearly one hundred years ago Amory Houghton founded 
a glassworks in Massachusetts. Succeeding him, his 
son, Amory Houghton, Jr., transferred the business to 
Corning, New York, a small city in south central New 
York State.! 


Amory Houghton, President, Corning Glass Works 


Under the third generation of the family, Arthur A. 
Houghton and Alanson B. Houghton (former United 
States Ambassador to England and to Germany), the 
Corning Glass Works became recognized as one of the 
world’s leaders in glassmaking. The Corning laboratories, 
the largest and most advanced glass laboratories in the 
world, have made possible by their research work such a 
remarkable achievement as the recent casting of the giant 
200-inch telescope disk. Pyrex-brand ware and Corning 
industrial and scientific glass are now used in every coun- 
try. Recent developments include glass construction 
blocks, whose use as a building material is rapidly growing, 
and glass fibers for use as insulating material and in textile 
work. 

Today Corning Glass Works is under the guidance of the 
fourth generation, Amory Houghton, President of the 
Company, and Arthur A. Houghton, Jr., a Director of the 
Company and President of Steuben Glass, Inc. 


1See The Bulletin, 15 [9] 322 (1936): also cover for 
photograph of Amory Houghton, Jr. 


son River in New York. Macbeth is also a large manu- 


Cooperation and Civilization are cause and effects. The greater the cause the 
greater the effect. More members—more cooperation—more ceramic advance. 
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NEW RESEARCH ON OPTICAL GLASS AT 
MELLON INSTITUTE 


A broad program of fundamental investigations on the 
chemistry and physics of glass surfaces to aid in the de- 
velopment of scientific apparatus and ophthalmic instru- 
ments has been started at Mellon Institute of Industrial 
Research by the Bausch & Lomb Optical Company, Roch- 
ester, N.Y. The first studies will be concerned with the 
effects of environmental factors on the durability of the 
various types of glass used in optical instruments. 

The Bausch & Lomb Optical Company, whose research 
in optical glass dates from the initial work of William 
Bausch in 1912, has maintained a fellowship at Mellon 
Institute since 1931 for research on various plant and pro- 
duction problems in optical technology. New develop- 
ments in the past have included improved greases for op- 
tical instruments, cements for ultra-violet transmitting 
optics, improved methods for making and testing mirrors 
and reflectors, and standardization of the sizes of fine 
abrasives used in grinding lenses. 

Frank L. Jones, the Fellow since 1931, will be in charge 
of the new investigations of the Bausch & Lomb Optical 
Company at Mellon Institute. An enlarged staff will con- 
tinue the work on plant problems at the new research lab- 
oratory of the Company in Rochester. Dr. Jones re- 
ceived his professional education at Bucknell (B.S., 1925) 
and at Columbia (A.M., 1927; Ph.D., 1931). 


ILLUMINATING GLASSWARE COMMITTEE 

The Illuminating Engineering Society and The Ameri- 
can Ceramic Society have announced the Joint Committee 
on Characteristics of Illuminating Glassware for 1936- 
1937. 

H. H. Blau, Chairman of combined Committee, repre- 
senting the American Ceramic Society; R. W. Jeffery, 
Chairman, representing the Illuminating Engineering 
Society; E. C. Crittenden, H. P. Gage, E. H. Hobbie, 
W.F. Little, O. B. Oday, T. W. Ralph, and C. S$. Woodside. 


LEIPZIG TRADE FAIR DATES ANNOUNCED 

The 1937 Leipzig Trade Fair will be held from February 
28 to March 8, inclusive, maintaining its unbroken record 
through seven centuries. The general pickup in world 
trade is shown by the 8000 exhibits gathered from twenty- 
six of the leading producing countries, including the United 
States. It is expected that the business turnover of the 
Fair will better its average record of 400 million dollars 
exclusive of re-orders. The approaching Fair will be the 
1977th session of the historic exchange which is the oldest 
as well as the largest world market. 


George P. MacKnight has returned to the Porcelain 
Enamel Institute, Chicago, IIl., as secretary, to succeed 
Kurt R. Groener, who has resigned. Mr. MacKnight, 
who was associated with the Institute from 1931 to 1934, 
has been engaged in other association activities and pub- 
licity work for the last two years. The Institute is located 
in the Michigan-Ohio Building, 612 North Michigan 
Avenue, Chicago, Illinois. 


447 


NATIONAL PAVING BRICK ASSOCIATION 
ANNUAL MEETING 


The Thirty-First Annual Meeting of the National Pav- 
ing Brick Association will be held at Detroit, Mich., 
January 27, 28, and 29, 1937, at the Book-Cadillac Hotel. 
Most of the sessions will be open to the general public, and 
those interested in street and highway development are 
cordially invited to attend. 

In addition to the business sessions of the Association, 
the program in preparation will consist of papers and dis- 
cussions by prominent engineers and contractors experi- 
enced in the use of paving brick. Recent important de- 
velopments in paving-brick production and _ utilization, 
including descriptions of modern brick street and highway 
paving and resurfacing projects, will be included. The 
Research Bureau maintained by the National Paving 
Brick Association at the Ohio State University Experi- 
ment Station will present a résumé of its work and there 
will be reports on recent researches on fillers, bed courses, 
and methods of laying brick which include both labora- 
tory and service tests. 

The latest information on design and construction 
methods that have increased the skid-resistant qualities 
of brick pavements will be presented as a significant con- 
tribution to the highway safety movement. The rela- 
tion of brick-pavement construction and re-laying to un- 
employment relief and the increasing utilization of brick 
for resurfacing and reclaiming old pavements and bases 
will also be a prominent feature of the program. 

O. W. Renkert, Metropolitan Paving Brick Company, is 
President and George F. Schlesinger, former Director of 
Highways and Public Works of Ohio, is Chief Engineer 
and Secretary of the National Paving Brick Association. 


CIRCUIT FOR CERAMIC EXHIBITIONS 


The exhibits of the Contemporary American Ceramics 
assembled by the Syracuse Museum of Fine Arts for Den- 
mark have been given the following exhibition schedule: 


Kunstindustrie Museum, Co- 
penhagen, Denmark 
Rohsska Konstlojdmuseet, 
Gothenburg, Sweden 
Swedish National Museum, 
Stockholm, Sweden 
Konsthall, Helsingfors, Finland 


GROUP FROM FIFTH NATIONAL CERAMIC 
EXHIBITION 


Circuited by the Syracuse Museum 

Worcester Art Museum, Wor- 
cester, Mass. 

Cleveland Museum of Art, 
Cleveland, Ohio 

University of 
Pittsburgh, Pa. 

San Diego Museum of Art, 
San Diego, Calif. 

Los Angeles Museum of Art, 
Los Angeles, Calif. 

San Francisco Museum of Art, 
San Francisco, Calif. 

Seattle Museum of 
Seattle, Wash. 


January 8-January 20 
February 12—March 5 


March 19—April 9 
April 24—May 14 


December 2—December 20 
December 29-January 31 
Pittsburgh, 
February 4—March 1 
March 17-—April 18 
April 28—May 23 
June 2—June 29 


Art, 
July 14—August 15 
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ELECTROSTATIC DUST PRECIPITATOR 


Snares “Pay Dirt’’ Electrically 

Recapturing 4 tons of china glaze a week (valued 6 cents 
to $2.00 a pound depending upon type), 10 electrostatic 
dust precipitators newly developed by Westinghouse re- 
search and installed by Pangborn Corporation on five 
automatic glazing machines in the Homer Laughlin China 
Company, Newell, W. Va., will soon pay for themselves out 
of savings. In addition, floor space and cleaning time are 
but one-tenth of that formerly required by the settling 
chambers, which the 98% efficient electrostatic units re- 
placed. 

With each automatic machine spouting 5 dishes a second 
(300 per minute; 8000 dozen daily) and spraying 8 gallons 
(116 pounds) of liquid glaze mixture a minute, the huge 
settling chambers previously salvaged 1200 pounds per 
week of expensive ingredients from the excess spray; 
cleaning, however, was difficult, time consuming, and an 
unhealthful task. The present electrostatic glaze-saver 
snares particles as small as one micron in size, collects an 
additional 400 pounds of glaze per week (1600 pounds 
total), makes available 300 square feet of additional floor 
space per machine, and deposited material is collected 
merely by hosing-out the ionizing chamber with water. 
In operation, the glaze collected on the plates automati- 
cally falls back into the booth and is immediately fed into 
the recirculating glaze; the only cleaning necessary at the 
end of a day is to remove the small quantity of glaze 
which has collected on the plates. 


Bulletin of the American Ceramic Society—Notes and News 


THE BULLETIN OFFERS OPPORTUNITY 


DISPLAY ADVERTISING RATES 
Number of Insertions 


Space (1) (3) (6) (12) 
Full page $60.00 $54.00 $48.00 $40.00 
Half page 33.00 30.00 27.00 24.00 
Quarter page 18.00 16.50 15.00 13.50 
Eighth page 9.75 9.00 8.25 7.50 


Preferred Positions 
Back cover: List plus 25% 
Inside back cover: List plus 20% 
Opposite inside back cover: List plus 20% 
First page preceding reading: List plus 20% 
First page after reading: List plus 20% 
Inside front cover: List plus 20% 
Fractional pages next reading matter: List plus 15% 
Color rates: On application 


CLYDE L. THOMPSON 

Clyde L. Thompson has recently become associated with 
Harbison-Walker Refractories Company as a member of 
its Research Staff. 

Dr. Thompson is thoroughly experienced in petrography 
and his work as a consultant in that field is well known. 
He has done considerable work on thermal expansion of 
refractories by the interferometer method and on refrac- 
tories used in glass tanks. 

Dr. Thompson is a graduate of the University of Illinois 
in Ceramic Engineering, holding the degrees of B.S. (1927), 
M.S. (1930), and Ph.D. (1936). 


ANNUAL MEETING SCHEDULE, 


AMERICAN CERAMIC SOCIETY 


Time Saturday Sunday Monday Tuesday Wednesday Thursday | Friday 
Forenoon General Division Division Division | Trips 
Session Meetings Meetings | Meetings 
Trips 
Noon Board of 1) School Division General 
Trustees and} Reunions Luncheons Committee 
Committee ©) Committee Business 
Luncheons -8 Luncheon 
Meetings 
Afternoon | Board of | 3:00 p.m. | 4:00 p.m. Division Division Trips Trips 
Trustees eramic Fellow Meetings Meetings 
Educators | Business 
Meeting 
Dinner Keramos Dinner 
Dinner Dance 
Meeting All 
Evening 
Evening President's | Get-Together | 8:00 p.m. Dinner 
Reception | Party Installation of | Dance 
ma Officers 
Concert 9:00 p.m 
Orton 
Memorial Fel- 
low Lecture 
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Mclihenny, H. P. Pottery, its history and 
technique, (5) 195-97. 

mee J. M. Presidential address, (4) 
1 54 

Moore, R. S. Gas-fired kilns, D (3) 124. 
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Nicholls, P. Determination of thermal con- 
ductivity of refractories (report for 
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see Randall, Mrs. D. P. 
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information, (1) 33. 

Peters, C. A. Determination of calcium sul- 
fate, as such, in clays, (1) 15-16 

Petersen, G. M. Instructions for printing de- 
calcomania, (11) 392-96. 

Pfeiffer, W. H. Need for standard tests for 
enamels from the viewpoint of the user of 
enamels, (8) 281-86. 

Poste, E. P. Value of Ceramic Abstracts on 
enamels, (12) 436 


Preston, F. W. Behavior—and misbehavior— 
of glass in tanks, (12) 409-33; First big 
American telescope mirror: John Peate, 
his lens, (4) 129-52; Fundamental prob- 
lems relating to strength of glassware, (8) 
265-67; Toughened glass and crazin 
(letter), (2) 60; Wright is wreng, (10) 


73. 

Purdy, R. C. Ceramic ware firing, (1) 32; 
Crazing (letter), (2) 56-57; Symposium 
on glaze fit (letter), (2) 58; Toughened 
glass (letter), (2) 58; What the future 
holds for ceramic graduates, (7) 248-51. 


Randall, Mrs. D. P., and Parmelee, C. H. 
Syracuse University ceramic kiln, (3) 
117-20. 

Rice, W. E. Review of data on combustion in 
kilns, (10) 325-30. 

Richardson, W. D. Control of coloration of 
clay ware in the tunnel kiln, (10) 330-34. 

Robson, J. T. Cause of crazing (letter), (2) 57. 

Ryder, Thomas. Ceramic craft work in secon- 
dary schools, D (3) 126. 

Saint, Lawrence. Is stained glass a lost art, 
(11) 375-82. 

Schlesinger, G. F. 
ments, (1) 33-36. 

Schramm, Edward. 

Silverman, Alexander. 
ute, (5) 169-75. 

Solomon, E. A. An inexpensive oil burner for 
the amateur potter, (3) 120-22. 

Spencer-Strong, Desirable service 
tests from viewpoint of a commercial 
enamel laboratory, (8) 286-88. 

Stapleford, G. H. Manufacture of decalco- 
mania, (11) 383-91. 

Straight, H. R. Cause of brittleness in de- 
aired heavy clayware, (9) 323-24 

Stratton, Mrs. Ceramic pate ‘work in 
secondary ae ale D (3) 126; Gas-fired 
kilns, D (3) 124. 


Taylor, N. W. Body and glaze properties 
(letter), (2) 60. 

Turner, W. E. S. Second International Con- 
gress on Glass, (4) 168. 

Twells, Robert. Spray-drying process, pos- 
sible applications to ceramics, (9) 311-13. 


Vance, G. E. Gas-fired kilns (6 drawings), (3) 
122-23 


« 


Brick for street pave- 


Care of china, (2) 66-68. 
Otto Schott: a trib- 


Wampler, R. W., and Watkins, G. B. Ther- 
mal endurance of different types of flat 
glass in relation to thickness, (7) 246-47; 
see Watkins, G. B. 

Watkins, G. B., and Wampler, R. W. Strength 
of flat glass under uniform load, (7) 243- 
45; see Wampler, R. W 

Wilber, G.O. Ceramic texts and materials to 
aid schools and craftsmen. D (3) 128. 
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Alt, L. R., ‘‘de-airing of clay,’’ (4) 164. 
Amberg, C. R., Enamel Div. Data Comm. 
report, (5) 187. 
Ambrose, H. A., “ 
wells,’’ (5) 189. 
Anderegg, F. O., 

building industry, 


use of clay in drilling oil 


“ceramic problems in 
”? (1) 31, (2) 64. 


Andrews, A. I., enamel research at Univ. of 
Ill., (6) 232. 
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Bacher, H. R., “‘space and equipment re- 
quired,’’ (10) 363; “‘methods of shaping 
ceramic ware,’’ (10 )363. 


Baggs, A. E., art lecture, (3) 99; Doctor of 
Humane Letters at Alfred Univ., (7) 257; 
“vlazes and glazing,’’ (10) 363; speaker 


at Mich.-Northwestern Ohio Section 
(10) 367; tableware and sculpture, 
photos, (6) 237. 

Bailey, = letter on stresses in glass, 
(2) 59-60. 

Bales, C. E., report of Public Relations 
Comm., O.C.I.A., (5) 191. 

Barrett, W. E., ‘‘de-airing,’’ (7) 260. 

Barringer, L. E., ‘introductory remarks,’’ 
(10) 362. 

Barta, R., 
(1) 29. 


confers honor on R. C. Purdy, 
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Bausch, E., visit with Otto Schott, (5) 174. 

Beam, J. R.,. “ chemical composition of 
water and its effect,’’ (9) 315. 

Beckerman, L. F., “methods of instruction, 
(10) 362. 

Bell, Richard ‘“‘modern ball clay opera- 
tion,’’ (9) 316. 
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” 
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Materials ang Equipment Div. and 
A.I.M.M.E., (9) 316. 
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ing, (9) 316; wire saw _ cutting slate 
and building stone,’’ (9) 316 

Brady, M. C., ceramic artwork in New 
York, (3) 96; ‘‘ceramic sculpture or 
modeling,’’ (10) 362; ‘“‘educational clay- 
working and ceramics,’’ (10) 362. 

Brown, L. T., ‘‘Diesel engines for power 
plants,’’ (4) 164. 

Buchanon, Ross, ‘‘magnetic separators,’’ 
(9) 315. 

Budnikoff, P. P., vase honoring of, by 
Ceramic Society, (4) 162. 


Buell, . Jr., “performance of checker 
various operating conditions,”’ 
(8) 290. 


Burchfiel, B. M., “Calif. ceramic materials 
other than clay,”’ (9) 316 

Burgess, B. C., ‘processing | of western N. 
minerals for ceramic use,’’ (3) 114. 

Burress, D. D., ‘‘batch separation studies, 
(5) 191 


Cake, B. F., ‘dust hazards in the ceramic 
industry,’’ (4) 160. 

Carter, H. D., ‘“‘control of mottling in gray- 
ware,’’ (6) 232; ‘‘principles of drying and 
application to enamelware,’’ (4) 163. 
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sistency control of pugged body,”’ (9) 315. 

Cohn, W. M., as head of ceramic dept. at 
Calif. School of Fine arts, (4) 164. 

Cone, C., ‘“‘heat transfer in glass tanks,’’ (5) 
191. 

Connell, G. A., ‘occurrence and refining of 
borax,’’ (6) 228. 

Cowan, R. G., ‘“‘ceramic decoration,’’ (10) 
363; “fine art and sculpture in ceramics,’ 
(12) 437. 

Cramer, W. E., “‘application of the car tun- 
nel kiln to the brick industry,”’ (7) 259. 
Crouse, C. S., “‘industrial mineral educa- 

tion,’’ (9) 316. 


” 


Diamond, G. S., 11 commandments for suc- 
cess, (7) 252. 
Dodd, C. M., ‘“‘new theory of spalling,’’ (4) 


161. 

DuBois, H. B., chairman, joint meeting, 
Materials and Equipment Div. and 
A.I.M.M.E., (9) 316. 


Earhart, W. H., ‘‘research in developme 
of a one-fire size,’’ (5) 191. 

Ehlers, R. W., “‘synthetic thermo-setting 
resin,’’ (6) 228. 

Engle, C. C., report of membership cam- 
paign, (9) 318 

Ensign, R. P., “relation of ceramic instruc- 
tion to the field of art education,”’ (10) 
362. 

Ev erhart, J. O., ‘‘metal wear research,”’ 
19 


Semen: Tom, effect of soluble salts from 
clay in dispersion process; control of 
body slip; value of pH determination,’’ 
(9) 315. 

Filippi, Hugo, “steam oe plant problem 
in the clay plant,’’ (7) 260. 

Flint, F. C., at Art Div., a (10) 362; 
chairman’ joint meeting Materials and 
Equipment Div. and A.I.M.M.E., (9) 
316; Constitution and By-Laws, (3) 100; 
at Glass Div. Fall Meeting, (10) 362; 

“importance of ceramics,’’ (4) 154; at 
Pittsburgh Section, (11) 399; speaker at 
Chicago Section, (11) 397. 

Foster, H. B., “‘economic trends in the 
ceramic in tries,’’ (3) 114. 

Frantz, S. G., “‘magnetic separation,’’ (9) 

Frazier, J. E., ‘“‘engineering aspects of 
European glass plants,’’ (10) 362. 

Fritz, E. H., ‘“‘present practice and develop- 
ments in firing electrical porcelain,’’ (7) 
259; “raw materials requirements in 
whiteware and glass industries,’’ (9) 316. 


Gautsch, M. C., “plant control system for a 
sheet- steel enamel plant,’’ (7) 

Gerber, A. C., “development of a successful 
periodic humidity drier for grog ware,”’ 
(7) 259. 

Giese, Henry, “electric motors for clay 
plants,’’ (4) 164. 

Goldbeck, A. T., “‘limestone sand,’’ (9) 316. 

Greaves-Walker, A. F., ‘‘rhythm and drift 
of the continents,’’ (3) 114. 

Groener, K. R., “program of Porcelain 
Enamel Inst.,”’ (4) 163; ‘‘work of Porce- 
lain Enamel Inst.,’’ (6) 232 
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Harder, C. M., “‘historical,’’ (10) 362. 

Hawke, C. E., “‘physical characteristics of 
refractories,’’ (3) 112, (6) 2 

Hayes, Anson, “research in the iron and 
steel industry,’’ (6) 228. 

Hayhurst, E. R., “‘silicosis,’’ (5) 191. 

Henry, F. R., “‘study on crushing of non- 
plastics in dry pera (7) 259. 

Hepplewhite, J. W. “effect ‘of ZrOz and 
TiOz upon the aber resistance of a 
typical semivitreous dinnerware glaze,’’ 
(7) 259. 

Herold, P. G., biog. and photo, (12) 439. 

Hettinger, E. L., ‘‘heat treatment of glass, 
(1) 31; ‘‘safety glass in Europe and 
America,’’ (10) 362. 

Hicks, Victor, ‘“‘applications of X-rays in the 
ceramic industry,’’ (5) 189. 

Holmes, M. E., ‘‘sources of materia!,’’ (10) 
363. 

Hornung, M. R.., ‘“‘ball-milling vs. blunging; 
pumping; pipe material,’’ (9) 315 

Hostetter, J. C., ‘“‘activities of the Interna- 
tional Commission on Glass,’’ (10) 362; 
at Glass Congress and_ International 
Union of Chemistry, (8) 296; ‘‘new de- 
velopments in glass as engineering ma- 
terial,’ Ph.D. at Bucknell 


” 


Hull, A. ie, “method for finding cost of 
the Produc ss of the earthenware indus- 
try,’’ (7) 259 

Hursh, R. K., “‘basic principles of drying 
operation,”’ (7) 260; “‘kiln-firing opera- 
tions,’’ (7) 261. 


Jarman, G. J., ‘‘magnetic separation,’ (9) 
316. 

Johnson, H. E., ‘‘insulating refractories,"’ 
(4) 161. 


Keller, J. D., ‘influence of material, shape, 
and size of checker brick on regenerator 
performance,”’ (8) 290. 

Kelsey, V. V., ‘‘mining and classification of 
feldspar,’”’ (9) 316. 

Klinefelter, T. A., ‘‘ceramic industry of the 
U. S.,’’ (10) 362. 
Koenig, C. J., ‘‘syenite and spodumene in 
place of feldspar in bodies and glazes,"’ 

(5) 

Koenig, J. H., “lead frits and fritted glazes 
in the manufacture of whiteware,’’ (7) 
259. 

Koos, E. K., “‘method of supporting vitri- 
fied china articles during bisque firing, 
(7) 259. 

Kraehenbuehl, J. O., “electrical efficiency 
and economics in plant operation,’’ (7) 
260. 

Krogh, A. E., “temperature measurement 
and control in glass,’’ (5) 191 


Lapp, G. W., ‘‘pug-mill nozzles, types of,’’ 
(9) 315. 

Lintner, E. J., clay mining methods, (9) 316. 

Linton, Ropert, member of State Mining 
Board of Calif., (9) 320; visit with Otto 
Schott, (5) 174. 

Lintz, E. H., ‘moisture determination and 
correction’; ‘‘types of blungers; power 
consumption,” (9) 315. 

Littlefield, Edgar, photos of artware, (6) 

233-37. 
Littleton, J. T., letter on porcelain glazes, 
(2) 60; note on recovery of, (8) 294 
R. N., “‘recent improvements in 
properties of modern din- 
nerware bodies,"’ (7) 2 


MacKnight, G. P., as Secretary of Porcelain 
Enamel Inst., (12) 447 

Martin, W. Go. ‘blasting of sheet steel in 
preparation for enameling,”’ (6) 232; 
“controlled oxidation,’’ (3) 112; “results 
of experiments on blasting of sheet iron,” 
(4) 163. 

Mathews, A. A.,‘‘gypsum industry of Grand 
Rapids district,’’ (9) 316. 

McCormick, J. M., ‘‘testing glass contain- 
ers,’’ (5) 191. 

McIntyre, G. H., “control methods in 
enameling,’’ (6) 232; ‘‘modern develop- 
ments in enamel control methods,” (4) 


163. 

McKinley, J. M., C.E. professional degree 
at Alfred Univ., (7) 258; induction cere- 
mony for 1936 Fellows, (4) 159; presi- 
dential address, 1936, (4) 153 

McVay, T. N., “effect of heat on clays,’’ (7) 
261. 

Meeker, R. C., oe disintegration 
of clays,’’ (9) 315 
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Miller, B. L., “limestone beneficiation,’’ (9) 
316. 
Miller, R. H., “electric motors for clay 
plants,’’ (4) 164. 
Moulton, D. A., “‘drying’’; ‘‘flashing’’ 
aon to minimize effects of pyrites,’’ (4) 
4 


Navi jas, Louis, letter from England, mean- 
ing of ‘‘hettinger,’’ (9) 318-19; Publica- 
tions Comm. report, (3) 107-108; ‘‘recent 
developments in the ceramic field both in 
Europe and America,’’ (12) 438; ‘‘review 
of reports on physical properties of 
glass,’’ (10) 362. 

Norton, F. H., ‘“‘kilns and pyrometry,’’ (10) 


3 


Offutt, J. J., “treatise on use of insulating 
refractory brick in malleable annealing 
ovens,’’ (7) 259. 


Pa, C. W., Ph.D. at Rutgers Univ., 

7) 257 

Patton, E. L., director of Pittsburgh Glass 
(6) 231. 

Potts, A. P., “operation and control of 
driers,’’ (7) 261. 

Preston, F. W., letter on toughened glass, 
(2) 60. 

Purdy, R. C., chairman, Materials and 
Equipment summer meeting, (9) 316; 
“fine china in America 100 years ago, 
(11) 397; honored by Czechoslovak 
Ceramic Society, (1) 29; honored by 
Ohio Ceramic Industries Assn., (11) 401; 
letter on crazing, (2) 56-57; letter on 
toughened glass, (2) 58-59; Ph.D., Al- 
fred Univ; Dr. of Ceramic Arts, Homer 
Laughlin China Co., (7) 258 


’ 


Quay, G. A., “‘filter-press sacks and treat- 
ment,’’ (9) 3 15 


Ralston, Oliver, “‘non-metallics,’’ (5) 189. 

Rexford, E. P., on Harbison-Walker re- 
search staff, (4) 165. 

Rieke, Reinhold, honorary member of So- 
ciety, biography and photo, (7) 252. 

Ries, H., chairman, joint meeting ere 
and Equipment Div. and A.I.M.M.E., 
(9) 316; Joseph S. Seaman Medal to, (4) 
162; society representative at Geol. 
Surv., of Pa. Centenary, (7) 256. 

Robson, J. T., letter on crazing, (2) 57. 

Rupp, E. M., “‘filter-pressing methods; 
periodic and continuous filter presses, (9) 

o. 

Russell, William, ‘‘clayworking in occupa- 
tional therapy,’’ (10) 363. 

Ryder, T. E., ‘‘place of ceramics in the 
school curriculum,”’ (10) 362. 


Schofield, H. Z., ‘‘study of replacement of 
Cornwall stone by tale and feldspar in a 
wall tile body,’’ (7) 259. 

Scholes, S. R., “standard tests and specifi- 
cations for glass,’’ (10) 362 

Schwetye, F. H., ‘‘Diesel power in clay 
plant,’’ (7) 260. 

Seil, G. E., temperature conversion chart, (5) 
198. 


Shallcross, S. M., mining practice of the 
Bell-Mine Limestone Mine of the Ameri- 
can Lime and Stone Co.,’’ (9) 316. 

Sharp, D. E., ‘‘chemical durability at home 
and ot, (10) 362. 

Shaw, M. C., “flotation as method of bene- 
ficiating (9) 316 

Shetrone, H. C., ‘ nace pottery and 
pottery making,’’ (4) 160. 

Silverman, A., at International Union of 
Chemistry, (8) 296; ‘‘synthetic gems,’’ 
(7) 255; visit with Otto Schott, (5) 174. 

Simpson, H. E., Chairman Film Library 
Comm., (7) 255; “trends in refractory 
slag tests,’’ (4) 160. 

Slaymaker, R. R., ‘‘air separation of min- 
erals,’’ (9) 316. 

Slayter, Games, ‘‘European glass fiber in- 
dustry,’’ (10) 362. 

Smith, D. I., ‘‘potash and porcelain,’’ (1) 31. 

Smith, R. W., ‘‘kyanite industry of Ga.,’’ 
(9) 316. 

Snyder, R. A., “physical and chemical 
properties of body materials; specifica- 
tions of,’’ (9) 315. 

Solon, L. V., Binns Medal, (6) 230. 


Sosman, R. B., ‘‘pyrometric cones and 
measurement of high temperatures,’’ (4) 
160, (5) 189. 


Steidle, E., address at Materials and 
Equipment and A.I.M.M.E. meeting, (9) 
316. 
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Activities names (continued) 

Stevens, Robert, ‘‘de-airing,’’ (4) 162. 

Stone, R. L., “fart pottery, its design and 
manufacture,’ (3) 114. 

Stout, Wilber, Ph.D., at Mount Union Col- 
lege, (7) 259. 

Straight, H. R., “pugging,’’ (7) 260. 

Stuckey, J. L., ‘“‘State of N. C. and its re- 
sources,’ (3) 114. 

— E. C., visit with Otto Schott, (5) 


74, 
Sullivan, J. D., biog. and photo, (5) 186. 
Sweely, B. T., ‘“‘process control,’’ (4) 162. 
Sweo, B. J., at Ferro Enamel Corp., (7) 260. 


Taylor, N. W., “chemical reactions in solid 
state,’’ (2) 64, (3) 112; “impressions of 
European glass technology,’ ’ (10) 362; 
letter on heat treatment of porcelain, (2) 


Thoenen, J. R., chairman, joint meeting, 
Materials and Equipment Div., and A.I. 
M.M.E., (9) 316. 

Thomas, J. H., ‘“‘characteristics of fine glass 
fibers,’’ (5) 191. 

Thompson, C. L., at Harbison-Walker Ref. 
Co., (12) 448; “identification of stones in 
glass,’’ (5) 191. 

Thorley, J. P., ‘‘English slop or wet method 
A slips, vs. American dry system,’’ (9) 

1 


Trostel, L. J., “new developments and 
trends in refractories processes and ma- 
terials,’ (7) 259 

Tyler, P. M., chairman, joint meeting, Ma- 
terials and Equipment Div. and A.I.M. 
M.E., (9) 316. 


Watts, A. S., Standards Comm. report, (3) 
aa “types of pottery and tile,’’ (10) 


Weber, H. C., “‘coal, gas, and oil as fuel in 
the ceramic industry,’’ (4) 160. 

Weldon, W. A., ‘molds and mold making,”’ 
(10) 363. 

Weller, H. E., ‘“‘application of radiant tube 
firing to ceramics,’’ (6) 228. 

Way W., “color problems in glass,’’ (12) 
4 


White, H. E., — Education Comm. 
report, (3) 10 
Willson, B. W., _ on grinding, (4) 


4. 

Wilson, Hewitt, “kaolin and china clay in 
the Pacific Northwest,’ ’ (7) 259. 

Winter, H. E., “place of 
in — instruction, (10) 3 

Wulf, C “development and 
of un ‘process for decoration of enamel- 
ware,’’ (6) 232; ‘‘screen process for de- 
corating enamelware,’’ (4) 163. 


Air = (1) 30. 

i ygiene of America, Inc. See Socteties, 
technical, 
Alfred University. See Ceramic schools, N. } 
State College of Ceramics. 
Alkali in glass, solubility of, tests on, (5) 178- 


American Association for the Advancement of 

Science. See Associations. 

American Ceramic Society, appointed repre- 

sentatives, (6) 224. 

audit report for 1935, (3) 101. 

Committee appointments, (6) 223. 

constitution of, articles on presentation of 
papers, (12) 441. 

Constitution and By-Laws, revision of, (3) 
100; ballot count, (10) 364; proposed 
revision of, committee statement, (6) 199, 
(6) 200-203. 

— ruling on income tax on dues, (3) 


100. 
—— Comm. on Ed. report of, (8) 289- 


Constitution, article on, (6) 202. 
induction of in ata (4) 159. 
McCaughey, js as 4th Annual 
speaker, (2) 61-63, (1) 20. 
officers for 1936-37, (4) 158. 
Film Library Comm., plans for, (7) 255. 
honorary members, Kondo, Seiji, biog. and 
photo, (8) - Le Chatelier, H., obitu- 
ary, (12) 4 
library (10) 364. 
Meetings of. See Meetings. 
members, photos listed, (7) 255. 
Membership Comm., 11 commandments for 
success, (7) 253. 
Membership Roster, (10) 341-61. 
nominees for 1936, Flint, F. C., Sosman, 
Henderson, H. Be (1) 1 
office exhibits, photo of, May 29; see also 
Photographs. 


American Ceramic Society (continued) 
officers for 1936-37, (4) 158, (6) 223. 
presidential address, 1936, (4) 153. 
publications of. See Publications. 
Standing committees, (6) 223; 1936-37 
appointments, (11) 397. 
Trustees, Constitution, article on, (6) 201; 
Trustees and Fellows, 1935-36, (3) 74. 
views of office. See Photographs. 
American Foundrymen’s Association. See 
Associations. 
American Institute of Mining and Metallurgi- 
cal Engineers. See Societies, technical. 
American Institute of Physics. See Societies, 
technical. 

American Refractories Institute. See Socie- 
ties, technical 

American Society for Testing Materials. See 
Societies, technical. 

American Standards Association. See Asso- 
ctations. 

Apparatus, load test for flat glass, (7) 244; 
refractories, research types, (1) 22. 

surfacing machine, Peate, (4) 136. 

Sa pottery, types and history of, (5) 

Architecture, roof tiling at Calif. exposition, 
4) 165. 


and stained glass, relation of, (11) 378. 
Art. See also Ceramic art. 

ancient and modern, exhibit at Philadelphia 
Museum, (5) 195-97 

— craftwork in secondary schools, (3) 

5. 

ceramic texts and materials for schools and 
craftsmen, (3) 125. 

of stained glass, (11) 375. 

Art Division. See Divisions. 

Artists and craftsmen in industry, (1) 6 

Association of Ceramic Educators. See Asso- 
ciations. 

Associations. See also Societies, technical. 

Amer. Assn. for Advancement of Science, 
annual meeting and exhibition, (9) 320, 
(11) 401. 

American Foundrymen’s Assn., Award to 
H. Ries, (4) 162. 

Ceramic Assn. of N. J., Annual Meeting, 
(11) 401; Annual Meeting and 1936 
officers, (1) 30. 

Ceramic Assn. of N. Y., annual meeting, (4) 
163; Ceramic Experiment Station, (5) 192. 

National Paving Brick Mfrs., 1937 annual 
meeting, (12) 447. 

Ohio Ceramic Industries Assn. Annual 
Meeting, 1936-37 officers, (11) 401; 
officers for Heavy Clay Products, Re- 
fractories, and White Wares Div., (7) 264; 
spring meetings announced, (5) 191. 

Atomization for drying ceramic slips, (9) 312. 
Audit report of Society for 1935, (3) 101. 
Awards, Binns Medal to L. V. Solon, (6) 230. 

Robineau Memorial Ceramic Exhibition, 
prize winners, (11) 408. 

Seaman, Joseph S., Medal, to H. Ries, (4) 
162 


Whiting, J. H., Medal to David McLain, 
(4) 162. 


Ball clays. See Clays. 
Baltimore Museum of Art. See Museums. 
Baltimore-Washington Section. See Local 
Sections. 
“Baria,’”’ as name for barium oxide, (2) 53. 
Battelle Memorial Institute. See Photo- 
graphs; Research laboratories. 
So ceramic reference reading list, 
(3) 105-106. 
on drying and spraying, (9) 312-13. 
on glass chemical durability, literature 
references, (5) 175-76. 
on glaze fit, (2) 58. 
Binns, Charles Fergus, Medal. See Awards. 
Bonding Strength of refractory cements, (5) 
182; test for, (5) 184. 
Brick for paving, 1892, treatise on, (1) 33-36. 
Brittleness in de-aired clayware, cause of, (9) 
323 


Brockman, E. A. See Necrology. 

Brown, G. H., biog. and photo, (3) 102. 

Bulletin cover photos. See Publications. 

Bureau of Standards. See Research labora- 
tories, National Bureau of Standards. 

Burners, oil, for amateur potters, (3) 120. 

By-Laws, Amer. Ceram. Soc., (6) 202. 

of Refractories Div., (3) 109. 


“Calcia,’’ as name for calcium oxide, (2) 53. 
Calcium sulfate in clays, determination of, (1) 


15. 
California Local Section. See Local Sections. 
California School of Fine Arts. See Ceramic 
schools, 
Calorimeter, plate, construction of, (2) 48. 


Canadian Ceramic Society. See Societies, 

technical. 

Carborundum Company. See Manufacturers. 

Carnegie Museum. See Museums. 

Carruthers, J. L., biog. and photo, (3) 102. 

Celo Mines, Inc. See Manufacturers. 

a % refractory, bonding strength of, (5) 

Central Ohio section. See Local Sections. 

Ceramic Abstracts. See Publications. 

Ceramic Art. See also Art. 
in America vs. Europe, (1) 7 
Art Div. papers and discussion, (1) 1. 
at Calif. School of Fine Arts, study courses 

at, (4) 164 
creative through, (3) 96. 
in industry, (1) 

Ceramic New Jersey. See As- 

soctations. 

Ceramic Association of New York. See Asso- 

ciations. 

Ceramic education. See also Ceramic schools. 
advanced ceramic reading course, (5) 198. 
art: general development of, (1) 9; indus- 

trial outlets for, (1) 8; and industry, (1) 
5-12; problems of, in colleges, (1) 2. 
college ‘education, value of, (4) 156. 
Comm. report and reference reading list, (3) 
105-106. 
Univ. of Ill., 30th Anniversary, (6) 229. 
why — graduates do not stay educated, 
(2) 52 

Ceramic Educators, Association of. See Asso- 

ciations. 

Ceramic industry, X-ray application for, (5) 

189. 


Ceramic Manufacturers. See Manufacturers. 

Ceramic Research Laboratories. See Re- 
search laboratories. 

Ceramic schools, Alfred Univ. See Cerami: 
schools, N. ¥. State Coll. of Ceramics. 

California School of Fine Arts, ceramics 
courses, and W. M. Cohn, (4) 164. 

ceramic graduates, future of, (7) 248. 

Cleveland School of course at 
summer session, (6) 2 

craftwork in secondary oO (3) 125. 

Ga. School of Tech., Junior Mineral Indus- 
tries School; staff changes, research prob- 
lems, (11) 400-401. 

graduates of, employment data, (5) 193. 

lowa State College, Clay Products Short 

Course at, papers listed, (4) 164; 

Student Branch, officers and annual re- 

port, (3) 113. 

Mass. Inst. of Tech., candidates for Ph.D. 
and M.S. degrees, (11) 400; colloid chem- 
istry summer course, (5) 192; student 
names and subjects for Doctor’s Degree 
thesis, (7) 260. 

Mo. School of Mines and Metallurgy, P. G. 
Herold instructor at, (12) 439; student 
branch (Orton Society), R. C. Purdy and 
J. M. McKinley visitors at, (2) 64. 

Montana School of Mines, research at, (1) 
30-31, 

N. Y. State Coll. of Ceramics (Alfred Univ. _ 
Ceramic Engineer degree to J. 
McKinley, (7) 258. 

Ceramic Experiment Station organized, 
(5) 192. 

Doctor of Humane Letters to A. E. 
Baggs, (7) 257. 

Ph.D. to R. C. Purdy, (7) 258. 

St. Pat’s Festival, and exhibits at, (5) 192. 

Schurecht, H. G., McMahon, J. F., 
Lampmann, C. M., on ceramic re- 
search, (10) 369-70. 

Student Branch: meeting, (12) 438; 
officers, 1936-37, (6) 228; officers and 
— report, (3) 113- 14; photo, (6) 
24 


Ohio State Univ., ceramic art at, history 
and work of, (6) 233-38; research topics 
at, (1) 31: Student Branch: annual 
student reception, (4) 161; officers and 
annual report, (3) 114; officers and meet- 
ing, (11) 397. 

Penn State Coll., fellowship of Findlay Clay 
Products Co., graduate students and re- 
search of, (9) 319; meeting of Materials 
and Equipment Div., and A.I.M.M.E., 
(9) 316; W. Weyl on staff, (9) 319-20; 
biog. and photo, (10) 370-71; Student 
Branch: meetings, E. L. Hettinger, F. O. 
Anderegg, and D. I. Smith lecturers, (1) 
31; officers and annual report, (3) 114. 

professional engineering degrees, in 1936, 
(7) 257. 

Rutgers Univ., Fourth Ceramic Exposition 
of, (4) 163; Ph.D. to C. W. Parmelee, (7) 
257; Student Branch, officers and annual 
report, (4) 161. 
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Ceramic schools (continued) 
—— Branches: annual reception of, (4) 


textbooks and materials for, (3) 127. 
Univ. of Ala., A.I.M.M.E. Section meeting 
of, (7) 261. 
Univ. of Calif., ceramic courses at, (12) 438. 
Univ. of Illinois, Enamel Symposium at, 
topics listed, (4) 163, (6) 232. 
Conference Products Plant Opera- 
tors, (5) 1 
Fourth A on Glass Problems, 
papers listed, (5) 191. 
history of, (7) 262; 30th anniversary, (6) 
229. 


Ill. Clay Conference, papers listed, (7) 
260 


Student Branch, officers and annual re- 
port, (4) 161. 

Univ. of N. C., Raleigh Unit, ceramic cor- 
respondence course, (10) 369; Student 
Branch, officers and annual report, (3) 

14. 


1 
Univ. of Washington, news of oe (4) 
165; research studies at, (4) 1 
Va. Polytechnic Institute, Seotent Branch, 
officers and annual report, (3) 115. 
W. Va. State College, work of L. C, Edelin 
and J. C. Evans, (3) 115 
Ceramic terms, ‘“‘calcia’’ and “baria,”’ (2) 53. 
Ceramic ware, firing of. See Firing of ceramic 
ware. 
Ceramics, importance of, (4) 154. 
Chemical durability of soda-lime glasses, 
methods for, (5) 175. 
Chemistry, colloid, summer course at M.1.T., 
(5) 192. 
Chemistry Union, meeting of, (8) 296, (10) 367. 
Chicago Section. See Local Sections. 
Child, J. L., biog. and photo, (3) 103. 
Chinaware, body and glaze, (2) 67. 
care of, (2) 66-68. 
decoration and type of, (2) 66. 
—"" in, design and shape, appearance, (2) 
6 


washing of, precautions in, (2) 67. 
Chinese kilns, (9) 323. 
Chrome refractories. See Refractories. 
Clays, calcium sulfate in, determination of, 
(1) 15. 
— silica and alumina, travel of, (1) 
25. 
physical states of, (1) 25. 
pottery, in Ohio, Miami, and Scioto valleys, 
(10) 371. 
refractory, fundamental properties, consti- 
tution, silica-alumina ratio, and proper- 
ties of clay crystals, (1) 24; refractory 
origin of, (1) 24. 
use of, in drilling oil wells, (5) 189. 
Clayware, Clay Product Plant Operators’ 
Conference, (5) 191; papers listed, (7) 
260-61; Clay Products Short Course, 
papers listed, (4) 164. 
—— control of, in tunnel kiln, (10) 


drying of, physics and chemistry of, (1) 26. 

in Mont., effect of earthquakes on, (1) 32. 

plant problems in, topics listed, (5) 191. 

— from 1899 to 1934, chart for, (7) 
249 


Clayware ey nt -airing data on, compila- 
tion of, (10) 3 
Coloration of a in tunnel kiln, (10) 330. 
Colors in glass, production of, (11) 376. 
layers of, in glass, effect of, (11) 376. 
Combustion in kilns, data on, (10) 325. 
Committees. See also 0 ficers. 
Ceramic Education, Annual report, refer- 
ence reading list, (3) 105-106. 
Fellowship, Comm. on Ed., report of, (8) 
289-90. 
Film Library, plans for, (7) 255. 
Illuminating Glassware, of American Ce- 
ramic Society and Illuminating Engineer- 
ing Society, (12) 447. 
Local Comm. for 1936 Annual Meeting, (3) 


72. 
Membership, 11 commandments for success, 
7) 253. 


Publications, Annual report, 
Standards, annual report, (3) 1 
Standards Comm. for 1936-37, iD 397. 

Conductivity, thermal. See Refractories. 

Cones. See Pyrometric cones. 

Constitution and By-Laws, American Ceramic 
Society. See American Ceramic Society 
Constitution of. 

Cranes: in enamel. See Enamels, defects 


Corning Glass Works. See Manufacturers. 

Covers for The Bulletin of the American Ce- 
ramic Society. See Publications. 

Crazing, causes of, (2) 56-57. 


Crystals, clay, properties of, (1) 24. 
Czechoslovak Ceramic Society. See Socte- 
ties, technical. 


Data. See also Research. 
De-airing of clayware, cause of brittleness in 
(9) 323 
drying and firing data on, (10) 336. 
factory experiences in, (10) 335. 
Decalcomania, design tracing onto stone, (11) 
392. 

history and manufacture of, (11) 383. 

printing press for, (11) 390; printing rou- 
tine, (11) 392; printing varnish, (11) 394; 
printing, wet and — methods, (11) 391. 

sizing of prints, (11) 39! 

stones for, grinding of, (11) 392; stone 
gumming and etching, (11) 393. 

transfers, sticking up, (11) 389; transfers, 
stone for, (11) 388. 

varnish stone, (11) 391; varnishes and 
driers, (11) 390. 

Decals vs. lithography, (11) 392. 

Designers in pottery industry, (1) 6. 

Dinnerware booklet as buyers’ guide, (5) 190; 
see also Chinaware; Tableware. 

Divisions. See also Committees; O fiicers. 

Art: Annual Meeting program; fall meeting 
comm., (7) 256, (10) 362-63; program 
for; (10) 362-63; Fall meeting of (1935), 
ceramic art and education symposium, 
(1) 1-138; Membership Comm. Report, 
progress of, (9) 318; papers listed, (3) 75; 
prospective members for, (2) 63; sym- 
posium on ceramic craft work, (3) 116-28. 

Editorial Comm. procedure for technical 
papers, (12) 441. 

Enamel: Annual Meeting program, (3) 
77-80; By-laws of, amendments, (1) 21; 
Chairman’s report, officers and Nomina- 
ting Comm., (3) 108; Data Comm. re- 
port, (5) 187; data handbook on enamels, 
outline of, (7) 254; 1937 program notice, 
(11) ~~ topics for 1937 meeting, (10) 
365-6 

Glass: Tes Meeting program, (3) 81-83; 
Fall Meeting program, (10). 362; Secre- 
tary’s report, (3) 108-109. 

Materials and Equipment: annual pro- 
gram, (3) 73, 75-76; Fall Meeting notice, 
(7) 256; joint meeting with A.I.M.M.E., 
papers listed, (9) 316. 

official personnel, 1936 (not complete), (6) 
226; see Nov. Journal, outside back 
cover. 

Refractories: Annual Meeting program, (3) 
84-87; By-Laws of, (3) 109-110; Edi- 
torial Comm, report, (3) 110; Program 
Comm. notice, (11) 397; summer meet- 
ing, comm., (7) 256. 

Structural Clay Products: Annual Meeting 
program, (3) 88-90; Chairman’s report, 
(3) 111. 

Summer meetings, map of, (7) 256. 

Terra Cotta, Annual Meeting program, (3) 
88-90. 

White Wares: Annual Meeting program, 
(3) 91-95; proposed symposium on body 
and glaze properties, (2) 56, (3) 95; Sec- 
retary’s report, (3) 111; Summer Meet- 
ing program, papers listed, (9) 315. 

Drying, atomization methods for, (9) 312; 
drying of ware, reference list on, (9) 312. 

spray process for, (9) 311. 

Dust apparatus, electrostatic, dust precipita- 
tor, value of, (12) 448. 


Education, ceramic. See Ceramic education. 
Electrostatic dust precipitator, value of, (12) 
8 


448. 
Employment of ceramic graduates, data on, 
(5) 193. 
Enamel Division. See Divisions. 
Enamels, abrasion resistance tests, (8) 278-79, 
(8) 281, (8) 287. 
acid resistance, tests on, (8) 278, (8) 281, 
(8) 287. 
adherence tests on, (8) 277-78. 
air hygiene in plants, (8) 280. 
alkali-resistance tests, (8) 287. 
building construction and weathering tests, 
(8) 279. 
in Ceramic Abstracts, value of, (12) 436. 
color tests on, (8) 279, (8) 282. 
cover-coat thickness test, (8) 277. 
cross-bend tests, (8) 282 
defects in, caused by furnace atmosphere, 
(8) 283; chipping tests on, (8) 278, (8) 
281; crazing or cracking, (8) 282; copper- 
heading and —— (8) 277. 
deflection tests, (8) 2 
dipping weight tests, “3 285. 
enameling ware, tests on, (8) 276. 
fineness of wet milled, tests for, (8) 283. 


Enamels (continued) 

firing of, temperature gradients in furnaces, 
(8) 285. 

Forum on enamels and kitchenware, (7) 257 

furnace firing conditions, effect of, (8) 277. 

gloss studies, (8) 283-84. 

ground-coat: adherence to metal, (8) 284; 
draining properties of, (1) 14; effect of 
atmospheric changes on, (1) 14; regain- 
ing ‘‘set’’in, (1) 15; for sheet steel, drain- 
ing of, (1) 14. 

hardness tests, (8) 287-88. 

impact test, (8) 287. 

iron sag resistance, (8) 282. 

mechanical strength — (8) 279. 

milled, density of, (8) 2 

physical propert es of, o 284. 

— Ferro Enamel Corp. forums, (7) 


reflectance and color tests, 1S . (8) 284. 

screen-fineness tests for, (7) 

— test for commercial a (8) 

slip-consistency tests, (8) 282. 

softening point and fusion of, (8) 284. 

standard tests in 1935, review of, (8) 276- 
80; standard test for user, (7) 281-86. 

storage, temperature effect on, (1) 14. 

— on, at Univ. of Ill., (4) 163; (6) 
232. 


tearing resistance, ‘‘film strength’’ of, (8) 
285. 


thermal (8) 288; thermal 
shock tests, (8) 2 

thickness of, when ll (8) 283. 

vitreous, data handbook outline, (7) 254. 

weathering tests on, (8) dg 5° 288. 

wet-milled, fineness of, (8) 2 

X-ray tests on, (8) 280. 

Exhibitions, American ceramics in Denmark, 
(5) 90, (9) 320; schedule for, (12) 447. 
Annual Science, at A.A.A.S. meeting, (11) 

401. 


Brooklyn Museum, 1936, American Glass 
Industries, (5) 190. 

ceramic, at Rutgers Univ., (4) 163. 

Leipzig "Trade Fair for 1937, (12) 447. 

National Ceramic (Robineau Memorial), 
prize winners, photos, (11) 408; enamel 
bowl of H. E,. Winter, (12) 440; Lukens 
pottery, photo, (12) 439; U. S. circuit 
for, (12) 447. 

pottery at Philadelphia Museum, (5) 196- 
97 


tile and clayware at 1936 Calif. Pacific In- 
ternational Exposition, (4) 165. 
at Walters Art Gallery, (11) 402. 
Expansion, coefficient of, and thermal shock 
of glass, (7) 246. 
of pyrophyllite, (9) 303. 
thermal, apparatus for, (9) 304. 
Expositions, Great Lakes, ceramic exhibits at, 
list of exhibitors, (7) 264. 


Fellows of American Ceramic Society. See 
American Ceramic Society, Fellows. 

Ferro Enamel Corporation. See Manufac- 
turers. 

Films, motion picture for refractories, through 
microscope of Carborundum Co., (7) 


Findlay. Clay Products Co. See Manufac- 
turers. 
Firebrick manufacturers. See Manufacturers. 
Fireclay brick. See Refractories. 
Fireclays. See Clays; Refractories. 
Firing of artware, small kilns and burners for, 
(3) 116-24. 
of ceramic ware, questions for Annual Meet- 
ing, (1) 32. 
of fireclay ware, (1) 26-27. 
in kilns, combustion data on, (10) 325. 
Flint clays. See Clays, flint. 
Flint, F. C., biog. and photo, (1) 17; see also 
Activities, names. 
Floating shelf, silicon carbide construction, 
9 


(9) 298. 
Floor tile. See 7Jile. 
Flowmeters, heat, construction of, (2) 46. 
Fluxes in refractories, attack of, (1) 28. 
Frits, enamel, smelting temperature for, (1) 14. 
Furnaces. See also Firing; Kilns. 
boiler, slag-action studies on, (1) 24. 
for cathedral glassmaking, (11) 381. 
expansion measurements in, (9) 303. 
— fired, combustion in, chart for, (10) 
327 
open- -hearth, bulk heads i . (1) 23. 
refractories, types of, (1) 2 
zinc- distillation, distribution 
in, (10) 328. 


Georgia School of Technology. See Ceramic 
schools. 


oS 
& 
kas 
| 
f 


The Bulletin (1936)—Subject Index 


Glass, alkali dissolved from, effect of bottle 
age on, (5) 178. 
American, early pieces, exhibition of, (5) 


annealed: Babinet strain patterns in, (9) 
307; and unannealed, expansion curves 
for, (9) 310. 

bottle, tanks, ‘‘turn-over,’’ (12) 415. 

Bowmaker and Cauwood spirals, discussion 
on, (12) 424. 

a strength of, effect of loading rate 

8) 274. 

work procedure, 381. 

circulation of, in tanks, (12) 415 

color layers in, effect of, (11) 376. 

diathermancy of, (12) 427; tabular data, 
(12) 427 

durability, merits of powder and surface 
methods, (5) 177. 

— bulbs, strength tests on, (8) 


electrical of, effect of heat 
treatment on, (9) 3 

flat: coefficient of be and thermal 
shock data, (7) 246; strength under uni- 
form load, (7) 243; thermal endurance in 
relation to thickness, (7) 246. 

Fourth Conference on Glass Problems at 
Univ. of Ill., papers listed, (5) 191. 

Gehlhoff, law of current directions, (12) 417. 

history of Corning Glass Works, (9) 322. 

history of, and modern ware, (4) 166. 

Illuminating, Joint Comm. of American 
Ceramic Society and Illuminating Engi- 
neering Society, (12) 447. 

International Congress on, excursion sched- 
ule, (5) 197 

irregular thickness of, effect of, (11) 377. 

lamp bulb, early manufacture at Corning, 
(5) 194 

leer atmosphere, influence on alkali dis- 
solved from surface, (5) 179. 

mirror, of Dr. Common, (4) 148. 

mirrors, telescope, Peate lens, (4) 129. 

models of invertebrates, (11) 405-407. 

optical, research at Mellon Inst., (12) 447. 

optical, Wright vs. Preston, discussion on 
glass tension, (10) 373. 

Owens bottle machine invented, (11) 402. 

paint, (11) 382; painting, art of, (11) 377. 

physical properties, effect of heat treatment, 


(9) 306. 
Pittsburgh Glass Institute, organization of, 
(6) 231. 


program outline for Second International 
Congress, (4) 168. 

Pyrex-brand, development and types of, (4) 
166-67 


residual strain in, effect on properties, (9) 
306. 


resistance to modulus of rupture and ther- 
mal shock, (8) 271 

Schild’s ‘‘roller,’’ discussion of, (12) 423. 

— Otto, work of and tribute to, (5) 
16 


weathering effect on, (11) 377; soda-lime 
chemical durability methods for, (5) 175. 

stained: art of, (11) 375; as lost art, Saint 
lecture, (1) 20; Saint creed for, (6) 238; 
Saint’s work in, (2) 62; weathering effect 
on, (11) 377. 

windows, examples of, (11) 377. 

strain in, effect on reflecting images, (4) 149. 

strength of, fundamental problems of, (8) 


265. 
“a blocks, Corhart vs. siliceous types, (11) 
431 


in tanks: batch piles, circulation, (12) 419; 
descending currents (12) 420, 

behavior of, (12) 4 

bridge-wall ‘drip as: (12) 418. 

channeling in err end, (12) 425. 

dead corners, (12) 4 

erosion of tank og “(12) 428. 

flow-spout current, (12) 425. 

in, as low-density equivalent, 
(1: 

flux- line yoy (12) 430: 
sion, (12) 429. 

froth (12) 420. 

heat shadows, (12) 428. 

idler, or mixing circuit, (12) 418. 

literature, review of, (12) 409. 

longitudinal circulation in, (12) 425; 
melting end, circulation in; side-wall 
cooling, (11) 421; superficial circula- 
tion on, (12) 415; effect of fire distribu- 
tion on, (12) 418. 

— zones and cord-elimination, (12) 
426. 


flux-line ero- 


model flow tests for, (12) 426. 
non-convection heating, (12) 428. 
refining end, circulation in, (12) 421. 
rumble holes, (12) 430. 


Glass, descending currents in (continued) 

Schild’s formula for, (12) 427. 
throat currents in, (12) 414. 

thermal expansion of, effect of heat treat- 
ment on, (9) 310. 

toughened, discussion on, (2) 58-60. 

tube machine invention, (11) 404. 

er of, effect of heat treatment on, (9) 


Westlake bulb machine invention, (11) 403. 
wollastonite formed in, July cover. 

Glass Division. See Divisions. 

Glass phase of refractories, (1) 25. 

— discussion on, (2) 56; stresses in, (2) 


symposium (bibliography) on, (2) 58. 
Glazes, porcelain, discussion on, (2) 60. 
Great Lakes Exposition. See Expositions. 
Ground-coat enamels. See Enamels. 


Heat flow, résumé of, (2) 46. 
straight-line, guarding for, (2) 43. 
surface temperatures, tests on, “3) 49. 
Heat treatment of glass, effect. on physical 
properties, (9) 306. 
Henderson, H. B., biog. and photo, (1) 19. 
“Hettinger, AD as light- unit, (9) 3 319. 
Heuisler, P. G. See Necrology. 
Homer Laughlin China Company. See Manu- 
facturers. 
Honorary degree, Baggs, A. E. Doctor of 
Humane Letters, (7) 257; Hostetter, J. 
C., Ph.D., (7) 257; McKinley, J. M., 
Ceramic Engineer, (7) 258; Parmelee, 
C. W., Ph.D., (7) 257; Purdy, R. C., Ph. 
D., and Doctor of Ceramic Arts, (7) 258; 
Stout, Wilber, Ph.D. (7) 259. 
Hot plates, guarding of, diagrams of, (2) 42- 


43. 
— Amory, Jr., biog. and photo of, (9) 
2; Sept. cover photo. 
hotograph, (4) 132. 
Hutchinson, J. E. Necrology. 


Income tax, ruling on pai dues, (3) 100. 

Industrial art. See Ceramic art. 

Insulated refractories. See Refractories. 

International Association for Testing Ma- 
terials. See Societies, technical. 

International Congress on Glass. 
ties, technical. 

International Union of Chemistry. See Socie- 
ties, technical. 

Iowa State College. See Ceramic schools. 


Keramos annual convocation, 1936-38, officers 
of, (5) 190; officers and annual meeting, 
(3) 115. 
Kilns. See also Firing of ceramic ware; Kilns. 
artware, small kilns for schools and studios, 
symposium on, (3) 116. 
brickwork in, materials for, (3) 120. 
ceramic, of Syracuse Univ., (3) 117. 
Chinese, (9) 323. 
combustion data on, (10) 325. 
gas-fired, designs for, (3) 122-23. 
Lenox walking-beam, (10) 373. 
small, for schools and studios, symposium 
on, (3) 116; small, super-refractories for, 
3) 116. 


See Socie- 


at Syracuse University, (3) 117. 
tunnel, control of coloration in, i — 
scumming in, prevention of, (10) 3 
watersmoking and oxidizing in, ae ‘for, 
(10) 331-33. 
Kondo, Seiji, Honorary member of Society, 
biog. and photo, (8) 293. 
Kyanite, mining of, by Celo Mines, Inc., (9) 
318. 


Lamp —— early manufacture at Corning, 
(5 

Lantern Hides for technical meeting news, (12) 
44 


Le Chatelier, H. See Necrology. 
Leers, atmosphere in, influence on amount of 
alkali dissolved from glass surface, (5)179. 
Leipzig Trade Fair. See Exhibitions. 
Lenox walking-beam kiln, (10) 373. 
Lenth, G. C. Db. See Necrology. 
Lithography vs. decals, (11) 392. 
history of, (11) 383. 
stones for, (11) 384. 
transfer materials for, (11) 387; transfer 
tools, (11) 386. 
Load test on flat glass for strength of, (7) 243. 
- of loading, effect on breaking strength 
lass, (8) 274. 
ections, Baltimore-Washington: 
March meeting, (4) 160; May meeting, 
officers of, (6) 228; officers and annual 
report, (3) 112; Taylor, N. W., speaker 
at, (2) 64. California: March meeting, 
officers for 1936-37, (4) 160; April meet- 
ing, (6) 228; May meeting, (7) 255; 


Local Sections (continued) 

Oct. meeting, (11) 399; September meet- 
ing, (10) 367. 

Central Ohio: Feb. meeting, (4) 160; 
March meeting, (4) 160; May meeting, 
(5) 189; June meeting, (6) 228; officers, 
(2) 64; photo of, (1) 28 

Chicago: and Chicago District Enamelers’ 
Club, joint meeting, (11) 397; officers and 
meetings, (3) 112; as sponsor of Fourth 
Conference on Glass Problems, (5) 191. 

Michigan-Northwestern Ohio: May meet- 
ing, (6) 228; September meeting, (10) 
367; Nov. meeting, (12) 437; 1936 
ert of, (2) 64; officers and meeting, 
(3 
officers for 1936-37, (12) 438. 
Pacific Northwest, ’April meeting, (3) 189. 
joint meeting with A.I.M.M.E., (5) 189. 
Pittsburgh: February meeting, R. B. Sos 
man speaker at, (2) 64, (4) 160; March, 
meeting, (5) 189; May meeting, (7) 255; 
Oct. meeting and speakers, (11) 399; 
Nov. meeting, (12) 437; officers for 1936, 
(2) 64, (3) 113. 

St. Louis, officers and annual report, (3) 
113, (4) 161. 
Lysatt, J.C. See Necrology. 
Macbeth-Evans Glass Co. See Manufac- 
turers, 
Manufacturers, Carborundum Co., motion 
film microscope for refractories through 
the microscope, (7) 255. 
Celo Mines, Inc., kyanite mining at, (9) 313. 
Corning Glass Works: acquires Macbeth- 
Evans Glass Co., (12) 445; demonstra- 
tion at N. Y. State College of Ceramics, 
(5) 192; early lamp bulb manufacture at, 
(5) 194-95; history of, (9) 322; photo of 
Amory Houghton, (12) 446. 

Ferro Enamel Corp., Forum on porcelain 
enameling and kitchenware, (7) 257. 

Findlay Clay Products Co., Fellowship at 
Penn State, (9) 319. 

Homer Laughlin China Co., Doctor of 
Ceramic Arts to R. C. Purdy, (7) 258. 

Macbeth-Evans Co., bought by Corning 
Glass Works, (12) 445; photo of G. D. 
Macbeth, (12) 446. 

Norton Co., history of, (8) 295. 

Onondaga Pottery Co., history of, (6) 220. 

Pittsburgh Plate Glass Co., Fellowships at 

Mellon Institute, ‘8) 296. 

Weller Pottery, history of, (10) 371-72. 
Maryland Institute. See Museums. 
Massachusetts Institute of Technology. See 

Ceramic schools. 
Materials and Equipment Division. See Divi- 


sions. 

Mayer, Ernest, biog., (2) 51; Feb. cover. 

McCaughey, W. J., Fellow lecture, photo., 
biog. (1) 20; as 4th Edward Orton, Jr., 
fellow lecturer, (2) 61-62. 

McKinley, J. M., biog. personal statement, 
(2) 53-54; see also Activities, names. 

McMillen, H. B. See Necrology. 

Meetings, American Ceramic Society, annual, 
Columbus, appreciation of Local Comm. 
work, (5) 186; general plans for, (2) 54— 
55; Local Comm., (3) 72; local comm. 
and photo, (1) 28; papers listed, (3) 69- 
95; reasons for, (2) 61. 

American Ceramic Society (39th), New 
York; entertainment program for. (12) 
437; local committees for (10) 365; per- 
manent meeting schedule, (10) 374, (11) 
399, (12) 448; rules for presentation of 
papers, (12) 440, (12) 443. 

Division Summer and Fall schedule, (9) 317. 

American Society of Mechanical Engineers, 
1936, (4) 163. 

American Society for tear Materials, 
annual and regional, (9) 320 

Ceramic Assn. of N. Y., Annual, (4) 163. 

Clay Products Plant Operators Conference, 
(5) 191, (7) 260. 

Fourth Conference on Glass 
papers listed, (5) 19 

International Assn. for Testing Material , 
London Congress, (11) 403. 

Ohio Ceramic Industries Assn., (5) 191, (7) 
264, (11) 401. 

Porcelain Enamel Inst., annual, (9) 320. 
Mellon Institute. See Research laboratories. 
Members, in Art Div., report of C. C. Engle, 

(9) 318. 

chart for, (1) 19, (2) 63, (3) 104, (4) 156, 
(5) 187, (7) 252, (8) 292, (9) 317, (1 0) 
366, (11) 398, (12) 434. 

Constitution, article on, (6) 202. 

Corporation, roster of, (6 ) 203. 

Honorary, (7) 252, (8) 293, (12) 435. 


Problems, 
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Members (continued) 
new, (1) 19, (2) 63, (3) 104, (4) 157, (5) 188, 
2 253, (8) 292, (10) 366, (11) 398, (12) 
435. 
roster of, American Ceramic Society, (10) 
341-61. 
roster changes, (1) 29, (2) 63, (3) 103, (4) 
157, (5) 188, (6) gl ve 253, (8) 293, (9) 
318, (11) 398, (12) 4 
workers’ record, (1) o “2 63, (3) 103, (4) 
157, (5) 188, (7) 253, (8) 292, (10) 366, 
(11) 398, (12) 435. 
Methods for soda-lime glass durability, (5) 
(175). 


Metropolitan Museum of Art. See Museums. 
Michigan-Northwestern Ohio section. See 
Local Sections. 
Mirrors. See Glass. 
Missouri School of Mines and Metallurgy. 
See Ceramic Schools. 
Modulus of rupture and thermal shock resist- 
ance of flat glass at high temperatures, (8) 
Montana, clay manufacture in, effect of 
earthquakes on, (1) 32. 
Montana School of Mines. See Ceramic 
schools. 
Motion picture films. See Films. 
Museums, Baltimore Museum of Art, photos, 
(10) 363-64. 
Carnegie, Frank Long's glass invertebrates 
at, (11) 405. 
Maryland Institute, photos, (10) 363. 
Metropolitan Museum of Art, study hours 
on color and design, (11) 402. 
Philadelphia Museum of Art, pottery ex- 
hibit and history, (5) 195. 
Walters Art Gallery, ceramic exhibit at, 
(11) 402; photos, (10) 362-63. 
me: ae County, pottery history in, (10) 
371. 


National Paving Brick Association. See Asso- 
ciations. 
Necrology, Brockman, E. A., biog., (7) 260. 
Heuisler, P. L., biography and photo, (10) 
368-69. 
Hutchinson, J. E., (2) 64. 
Le ae H., biog.. (12) 435 
Lenth, G.C.D , (6) 2 22 
Lysatt, J. C., biog. “7 photo, (4) 163. 
MeMillen, H. B., biog. and photo, (9) 319. 
Nepheline syanite, source, production, and use 
of, (4) 167 
New Jersey Ceramic Assn. See Associations, 
eramic Association of New Jersey. 
New York Ceramic Association. See Asso- 
ciations. 
New York State College of Ceramics. See 
Ceramic schools. 
Norton Company. See Manufacturers. 


Officers, American Ceramic Society, Fellows, 
(3) 74; Trustees, (3) 74; 1936-37, Trus- 
tees, Fellows, and Division Chairmen 
and secretaries, (4) 158. 
Ceramic Assn. of N. (1) 30. 
Keramos, 1936-38, (5) 190 
Local Sections, Baltimore-Washington, (3) 
112, (6) 228. 

California, (4) 160. 

Central Ohio, @) 64, (4) 160. 

Chicago, (3) 1 

Michigan- ha Ohio, (2) 64, (3) 


112 
Pittsburgh , (2) 64, (3) 113. 
St. Louis, (3) 113, (4) 161. 
Ohio Ceramic Industries Assn., (5) 191, 
(11) 401. 
Structural Clay Products Research Founda- 
tion, 1936-37, (6) 224. 
Ohio Ceramic Industries Assn. See Associa- 
tions. 
Ohio State University. See Ceramic schools. 
Engineering Experiment Station. See Re- 
search laboratories. 
Lord Hall. See Photographs. 
Oil burner, inexpensive, (3) 120. 
Orton, Edward, Jr., cover photo, (3); outline 
of activities, (3) 74. 
Owens, M. J., inventor of glass bottle ma- 
chine, (11) 403. 


Papers, technical, rules for presentation of, 
(12) 440 


Pass, James, biog., (6) 220-23; June cover 
photo, 
Paving ee, brick, 1892, treatise on, 


P.C.E. of refractory cements, (5) 183; values 
determination of, (1) 28. 

Peate, John, story of ‘lens, (4) 129-52. 

Pennsylvania State College. See Ceramic 
schools. 

Phase diagrams for refractories study, (1) 23. 


Philadelphia Museum of Art. See Museums. 

Photographs, American Ceramic Society: 
Corporation Membership ya 
(2) 65; office — (1) 29, (6) 206-19 

Baggs, A. E., (3) 9 

Bain, H. F. (6) 

Baltimore Museum of Art, entrance, (10) 
363; exterior, (10) 364. 

Battelle Memorial Institute, (2) 55. 

Bedford Springs Hotel, (8) 291 

Brady, M. C., (3) 96. 

Brown, G. H., (3) 102. 

Buell, W. C., Jr., (10) 364. 

Butterworth, Frank, (6) 229. 

Carruthers, J. L., (3) 102. 

Chartres Re (11) 381. 

Child, J. L., (3) 103. 

Chinese exhibit (10) 363. 

Corning Glass Works, glassworkers making 
incandescent lamps, (5) 194 

Czechoslovak Ceramic Society vase to 
P. P. Budnikoff, (4) 162. 

Edelin, L. C., (3) 115. 

Evans, J. C., (3) 115. 

Flint, F. C., (1) 17. 

glass invertebrate models, (11) 405-408. 

Haaren High School, Ceramic work at, 
(3) 96. 

Henderson, H. B., (1) 19. 

Herold, P. G., (12) 438. 

Hettinger, E. T., and Hostetter, J. C., on 
shipboard, (9) 318. 

Heuisler, P. I., (10) 369. 

Houghton, Amory, (12) 446. 

—* Amory, Jr., Sept. cover; (9) 
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Howard, George, (4) 132. 

Jeppson, John, (8) 295. 

Keller, J. D., (10) 364. 

Kondo, Seiji, (8) 293. 

Lampman, C. M., (10) 370. 

Lenth, G.C.D., (6) 225. 

Littlefield, Edgar, vase and plate, (6) 233. 

Local Comm. 1936 Annual Meeting, (1) 28. 

Long, Frank, (11) 405. 

Lukens, Glen, (11) 408; pottery, (12) 439. 

Lysatt, J. C., 163. 

Macbeth, G. , (12) 446, 

map of summer meeting centers, 
(7) 2 

exterior and interior 
views, (10) 363. 

Mayer, Windy Feb. cover. 

McCaughey, W. J., (1) 20. 

McKinley, J. M., (2) 53. 

McMahon, J. F., (10) 370. 

McMillen, H. B., (9) 318. 

New York State College of Ceramics, 
Student Branch group, (6) 241 

Norton, F B., Aug. cover. 

Ohio State University Engineering Experi- 
ment Station, (2) 54; Lord Hall, Hayes 
Hall, (2) 61; Ceramic Art Department, 
work of, (6) 233-38. 

Orton, Edward, Jr., Ceramic Foundation 
Bldg., (2) 55; March cover. 

Pass, James, June cover. 

Peate, John, April cover. 

Piatt, Frank, (7) 264. 

pottery from 4th Natl. Robineau Exhibit, 
(5) 197; Greek, S. A., Chinese, and Pa.- 
German, (5) 196; by Maija Grotell, (11) 
408. 

Richardson, Jr., Commodore S. O., Nov. 
cover. 

Rieke, Reinhold, (7) 252. 

Rolfe, C. W., (6) 229. 

Rutgers Univ., Fourth Ceramic Exposition 
(group of members), (6) 231 

Saint, Lawrence, (1) 21. 

Schott, Otto, May cover. 

Schurecht, H. G., (10) 370. 

at Society offices, addition to list of, (7) 255. 

Solon, L. V., (6) 230. 

Sosman, R. B., (1) 17. 

Stipes, J. W., (7) 263. 

Stull, R. T., (7) 263. 

Sullivan, J. D., (5) 186. 

tablew — and sculpture by Arthur Baggs, 
(6) 237. 

Taylor, Ww. W., (12) 444. 

Tefit, C. F., (1) 18. 

Univ. of IIl., ceramics building, (6) 230; 
ceramics building, and kiln house, (7) 
262; Clay Conference, (7) 261; enamel 
symposium (group of members), (6) 
232; Glass Conference, (7) 262. 

Base presented to P. P. Budnikoff from 
Czechoslovak Ceramic Society, (4) 162. 
Walters Art Gallery exterior view, (10) 363. 

Washington Cathedral, (11) 379-80. 

Weldon, W. A., at Baltimore Museum of 
Art, (1) 31. 

Weller, S. A., Oct. cover. 


Photographs (continued) 
Weyl, Woldemar, (10) 371. 
Winter, H. E., enamel bowl of, (12) 440. 

Photomicrographs, mica, (9) 301; pyrophyl- 
lite and talc, (9) 302, 

mayen owes societies of, joint meeting, 

) 3 

Pittsburgh Glass Institute. See Societies, 
technical. 

Pittsburgh Local Section. See Local Sections. 

Pittsburgh Plate Glass Co. See Manufac- 
turers. 

Porcelain, European exhibit of, (5) 197. 
silicon carbide batts for firing of, (9) 298. 
Porcelain Enamel Institute. See Societies, 

technical. 

Potteries, Rookwood: Burt, S. G., work of, 
(12) 444; history and contributions of, 
(12) 443; types of ware at, (12) 444; Tay- 
or, W. W., work of, (12) 444; Wareham, 
J. D., work of; Weller Pottery, history of, 
(10) 371-72. 

— American, history and exhibit of, (5) 


Bradv, C., at Haaren High School, 
Cleveland School of Art, summer session, 


designers in, (1) 6. 
history of, in Muskingum Co., — (10) 371. 
history and technique of, (5) 1 
inexpensive oil burner for, (3) 190. 
“Lonhulda”’ ware, (10) 372 
“Sicardo’’ ware, (10) 372. 
President’s address, 1936, (4) 153. 
Publications, The Bulletin of the American 
Ceramic Society, advertising rate card, 
(12) 448; cover illustrations for 1936: 
vase from Czechoslovak Ceramic Society, 
(1); Mayer, Ernest, (2); Orton, Edward, 
Jr., (3); Peate, John, (4); Schott, Otto, 
(5); Pass, James, (6); block of cullet 
with wollastonite crystals, (7); Norton, 
F. B., and plant, (8); Houghton, Amory, 
Jr., (9); Weller, S. A., (10); Richardson, 
S. O., Jr., (11); Storer, M. L. (12). 
Ceramic Abstracts, tabular data on, (12) 
433; value of Enamel Section, (12) 436. 
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St. Louis Local Section. See Local Sections. 
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schedule for, (5) 197. 
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see also Activities names. 

Spray-drying, process or, (9) 311. 
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Stained glass. See Glass, stained. 

Stipes, J. W., ceramic work at IIl., (7) 263. 
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44: 
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149; residual, effect of, (9) 306. 

Strength of electric lamp bulbs related to time 
factor in, (8) 268. 
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of glass, fundamental problems of, (8) 265. 

Structural Clay Products Division. See 
Divisions. 

Structural Clay Products Research Founda- 
tion, officers and annual meeting, (6) 22 

Structural materials, tile and clayware at 
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Student Branches of America Ceramic Soci- 
~*~ See Ceramic schools. 

Stull, R. T., work at Univ. of IIl., (7) 263. 

— in tunnel kilns, prevention of, (10) 


330. 
Sullivan, 
tion, (5) 186 
Syenite, nepheline, source, development, and 
use of, (4) 167. 
Symposiums, Art Div., 
(3) 116-28. 


biog., photo, and apprecia- 


on ceramic craftwork, 


on ceramic ware firing program, (3) 73. 
on enamels, at Univ. of IIl., (4) 163, (6) 232. 
on whiteware body preparation, proposed 
topics, (3) 95 
Syracuse University, ceramic kiln at, (3) 117. 
Tableware. See also Chinaware; Dinner- 


ware 
American exhibit and Watts lecture, (3) 99 
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Tableware (continued) 
history of Onondaga Pottery Co., (6) 220— 


3. 
Corhart vs. siliceous types, (12) 


biog. and photo, (1) 18. 

Telescope mirror, Peate lens, (4) 129. 
Temperature conversion chart, (5) 198. 
Terra Cotta Division. See Divisions. 

strength refractory cements, 


expansion method, (9) 303. 
load, on flat glass, (7) 244, (8) 2 
powder method for glass, pte (5) 


rupture modulus of flat glass, (8) 271. 
strength of electric lamp bulbs, (8) 268. 
thermal shock resistance of flat glass, (8) 


272. 

Thermal conductivity of refractories. See 
Refractories. 

Thermal endurance of flat glass related to 
thickness, (7) 246; of glass, formula for, 
(8) 272. 

Thermal expansion apparatus, (9) 304. 
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Pacific International Exposition, (4) 
165. 
Tunnel kilns. See Kilns 


University of Alabama. See Ceramic schools. 

University of California. See Ceramic schools. 

University of Illinois. See Ceramic schools. 

of Washington. See Ceramic 
SCROOLS 


Vacuum in clay plants, data on, (10) 335. 
Vitreous enamels. See Enamels. 


Walking-beak kiln, Lenox, (10) 373 
Walters Art Gallery. See Museums. 
Wareham, J. D., work of, (12) 444. 

Washing solutions for chinaware, type of, (2) 


67. 

Washington Cathedral. See Photos. 

Water of plasticity, data on, in plants, (10) 
335. 

Weathering of stained glass, (11) 377. 

See Manufacturers. 


Weller Pottery. 
Westlake bulb machine, invention of, (11) 


403. 
Whiteware, bodies and glaze properties of, 
(2) 56. 
body preparation, apparatus for, and 


(9) 315. 
history of, (10) 


methods symposium on, 
in Muskingum County, 
37] 


Research Comm. (White Wares Div.) 
Advisory Subcommittee, and Nat. Bur. 
Stand., research subjects, (3) 111 
White Wares Division. See Divisions 
Wollastonite in glass, cover photo, (7). 
Wright is wrong, (10) 373 
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Stuckert, L., acid-resisting enamels, (8) 278. 
Stuckey, ay L., dehydration temperature of 
a and sericite, (9) 303; pyro- 
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thermal resistance-coefficients of various 
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the present, (9) 3 
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Eight Simultaneous Division Meetings 
A Wonderfully Delightful Entertainment 
Opportunities for Meeting Those Who Will Make More Profitable and Enjoyable 
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American Ceramic Society 


present and to come have relied, rely and will rely 


on Simplex Engineers for new important developments. 


SIMPLEX 


ENGINEERING COMPANY 
WASHINGTON TRUST BLDG. WASHINGTON, PENN. U.S.A. 


Glass Melting Tanks and Furnaces for every type of glass manufactured e Glass 
Bending Ovens, Gliss Decorating Machines @ Luminous Parts that give excel 
lent control e Lehrs—Electric or Fuel Heated for Annealing or Decorating e 
Arches—lInterlocking Suspended and Circular e Batch Systems—Vacuum and 
Conveyor Types e Fuel Oil Systems and Control Stokers e Cullet Washing 
Plants, Incinerators @ Conveying—Equipment—All Types e Water Softening 
Plants, Silicate of Soda Plants e Producer Gas Plants and Soot Disposal Systems 
e Air Conditioning Systems e Enameling Ovens—Box and Continuous e 
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To our Friends in the Ceramic Industry— 
We wish a Merry Christmas and a 
Prosperous and Happy New Year 


EDGAR PLASTIC KAOLIN CO. 
Home Office—Metuchen, N. J. 


EDGAR BROTHERS CoO. 
New York Office—50 Church St. 


Mines in Georgia and Florida 


Refractory Blocks 
for Glass Tank 
Furnaces 
By 
J. H. Partridge, B.Sc., Ph.D. 


With a foreword by 
Professor W. E. S. Turner, 
Se. 

Pages X + 128. 816" x 514" 

+ 37 figs. 


Price (bound in cloth) $2.25 


Published by 


The Society of Glass Technology, 
Darnall Road, Sheffield 9, 
England 


Glass House Refractories 


Flux Blocks 
Pots Open & Covered 
Refractory Blocks 
Highlands Pot Clays 
Prepared Mixes 
Special Batches 


T1aS @ 


@ WE MAKE 


P. B. Sillimanite 


Standard Sizes and Shapes to 
Order 


@ WE USE OUR OWN 


PITTSBURGH 
PLATE GLASS COMPANY 


Refractories Division 
GRANT BUILDING, PITTSBURGH, PA. 
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WANTED TO BUY OUT-OF-PRINT 


Journals of 
The American Ceramic Society 


June, 1922, Part II 


1923 Yearbook 1933 February 
1934 January Bulletin January Journal 
February Journal March Bulletin 
April Bulletin 


Communicate with the Offices of 


THE AMERICAN CERAMIC SOCIETY 
2525 North High Street Columbus, Ohio 


Tunnel, Truck and Humidity Dryers 


for— Dry Pressed Electrical Porcelain 

High Voltage Electrical Porcelain 

Sanitary Porcelain 

Floor and Wall Tile 

Abrasive Wheels 

Glass Pots and Blocks 

Refractory Brick and Shape 

Also Stove Rooms and Mangles for 
General Dinnerware 


PROCTOR & SCHWARTZ, INC. 


The Largest Builders of Drying Machinery for Industry 
Seventh Street & Tabor Road, Philadelphia, Pa. 


THE HOUSE OF HOMMEL 


SUPPLIERS OF ALL CERAMIC NEEDS 


OHCO 
LEADLESS 
CAST IRON FRITS 


For lower costs — 
purer colors—better 
adherence — greater 
safety. Ask for 
NEW literature. 


Pacific Coast Agents 


L. H. BUTCHER CO. 


Los Angeles - Salt Lake City - San Francisco - Portland - Seattle 


Product of — 
Abingdon Sanitary Manufacturing Co. 


THE HIGH QUALITY POTASH FELDSPAR 
For Bodies, Glazes and Enamels 


We operate our own Mines in the 


Heart of the Black Hills District of South Dakota 


—> Samples and Full Information on Request <— 


Abingdon Sanitary Mfg. Co., Abingdon, Illinois 
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McDANEL REFRACTORY PORCELAIN COMPANY 


Manufacturers of 


PORCELAIN TUBES PROTECTION TUBES 
INSULATING TUBING and BEADS 
BEAVER FALLS PENNSYLVANIA 


THREE ELEPHANT 


REG. U.S. PAT. OFF. REG. U.S. PAT. OF 


AND BORIC ACID 


GUARANTEED OVER 99.5% PURE 
AMERICAN POTASH & CHEMICAL CORPORATION 


70 Pine Street, New York 


Specializing in 
Primary Protection Tubes for all makes of Pyrometers 
“Corundum” “Mullite” “Silicon Carbide” ‘Refractory Porcelain” 
FRANKLIN OHIO 


MONTGOMERY PORCELAIN PRODUCTS CO. _i 


C L A y § ORTON STANDARD 
PYROMETRIC CONES 
English China and Ball 


for 
HEATING ELEMENTS 
CERAMIC BODIES ity 
SAGGER USES 
The American Standard for 


Control of Ceramic Heat Treatment 


THE EDWARD ORTON, JR., 
Zinc Oxide : Enameling Clays : Etc. CERAMIC FOUND ATION 


George A. Bole, D.Sc., Manager 
HAMMILL & GILLESPIE, INC. 


Importers since 1848 Laboratories & Office 
225 Broadway New York 1445 Summit Street—Columbus, Ohio 
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Reapinc the tags on the boxes that go out of our 
shipping room in one day is like taking a trip around 
the world. Hundreds of export shipments of “Carbo- 
frax,” “Alfrax,” “Mullfrax.” “Monofrax,” and“ Firefrax” 
refractory products are constantly being sent to all 
parts of the globe. 

This world-wide demand for “-frax” super-refractories 
proves their high quality. It has helped the refractory 
division of The Carborundum Company to become the 
largest organization in the world devoted exclusively 
to the production of super-refractories. 

This growth was achieved by concentration on one 
single idea...to develop the right refractory for each 


particular application which was encountered. The ex- 
perience and knowledge gained throughout the years 
are at your command. We are ready to assist in the solu- 
tion of any problems in your plant having to do with 
refractories. Our Refractory Engineering Department 
will welcome your inquiries. 


“CARBOFRAX” 
“ALFRAX" “MULLFRAX” - “MONOFRAX” - “FIREFRAX” 
The famed “‘-frax’’ line of super-refractories 


THE CARBORUNDUM COMPANY, Refractory Division, PERTH AMBOY, NEW JERSEY 


District Sales Branches: Boston, Chicago, Cleveland, Detroit, Philadelphia, Pittsburgh. Agents: McConnell Sales and Engineering Corp., Birmingham, Ala.; Calvin M. Christy, 


St. Louis; Harrison & Company, Salt Lake City, Utah; Pacific Abrasive Supply Co., Los Angeles, San Francisco; Denver Fireclay Co., El Paso, Texas. 
(Carbofrax, Alfrax, Mullfrax, Monofrax, Firefrax and Carborundum are registered trade-marks of The Carborundum Company.) 
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TALC 


We close the year on a note of con- 
gfXtulation. 


Because of new finishes, better de- 
sidned products, more artistic decora- 
tions, the American Home is a happier 
place in which to live. 


We all deserve congratulation—the 
public on its new comforts—the industry 
for its efforts to make these comforts 
possible. 


So congratulations—A Merry Christ- 
mas and a Prosperous New Year. 


FG. CO. EW BRIGHTON, PENNA. & 


| FLINT 
WHITING 
CERAMIC COLOR & CHEMICAL M 
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LANCASTER : PENNA. 


BRICK MACHINERY BATCH MIXERS 


December 25, 1936 


To Our Many Friends: 


Periods of inactivity seem to provide the oppor- 
tunity needed to improve and develop. We have time to think 
and perfect some of our latent plans and ideas, It brings us 
into a higher standard of everything. 


Our Homes receive improved automatic heating, 
air-conditioning, refrigeration, and lighting. 


Our Travel offers trains, ships, and planes of 
greater safety and comfort. 


Our Factories produce improved and new machines 
that make life better and more interesting. 


The “Lancaster” Mixer is a product of these re- 
cent times, and is rapidly becoming famous for its new scien- 
tific principles. 


The "Lencaster" Auto-Brick’ Machinery has reached a 
higher state of perfection. 


We do not believe that we are the exception. We 
believe business is better for everyone, and we confidently 
believe you will have a Merry Christmas and a Happy and very 
- Prosperous New Year. That is the Season's Greeting we wish to 
send to you. 


Cordially yours, 
LANCASTER IR 


VICE PRESIDENT 
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THE SHARP-SCHURTZ 
COMPANY 


CHEMISTS FOR THE CERAMIC INDUSTRY 


WE HAVE FULLY EQUIPPED LABORATORIES AT 


LANCASTER, OHIO U.S.A. 


EMERSON P. POSTE 


CONSULTING CHEMICAL ENGINEER 


ANALYSES: CERAMIC RAW MATERIALS AND PRODUCTS, 
FUELS, IRON AND STEEL, ETC. 


SPECIAL INVESTIGATIONS: PHYSICAL AND CHEMi- 
CAL TESTS ON ENAMEL, ETC. 


309 McCALLIE AVE., 
CHATTANOOGA, TENN. 


COMMERCIAL TESTING e RESEARCH @ ANALYSES 


BAILEY & SHARP Co., INC. 


CHEMISTS, CONSULTING ENGINEERS. 
Gviass TECHNOLOGISTS 


SPECIALIZING IN TESTING, RESEARCH AND 
DEVELOPMENT WORK IN ENGINEERING 
AND CHEMICAL PROCESSES CONNECTED 
WITH THE MANUFACTURE AND USE OF 
CERAMIC PRODUCTS. 


HAMBURG, N. Y. U. S.A. 


Graduate Chemist 


Desires position. Age 33. 5 years’ 
practical experience in ceramic 
manufacturing, 3 years’ chemical 
plant and laboratory supervision. 
Reads French and German. 


Address 
American Ceramic Society 
2525 N. High St. Columbus, Ohio 


Box No. 148F 


Guaranteed 
B O R A xX 9914%%-100% Pure 


BORIC ACID 


Select the Brand which has back of it years of successful use 
by experienced Ceramists 


Pacific Coast Borax Co., New York 


Los Angeles 


BACK 


NUMBERS 


JOURNAL OF AMERICAN CERAMIC SOCIETY 
AND ALL IMPORTANT MAGAZINES FROM THE WORLD OVER 


| We furnish single copies, volumes and sets or photostat reproductions of specific | 
sections, reasonably and promptly 


WRITE, PHONE OR WIRE PERIODICALS DEPARTMENT 


THE H. W. WILSON COMPANY 


950 University Avenue, New York 
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HARTFORD-EMPIRE COMPANY 
HARTFORD, CONN. 


Engineers and Licensors 


FEEDERS FORMING MACHINES CONVEYORS 
STACKERS LEHRS 


K REG. OFF 


Made Especially for the Glass Maker 


Specify SOLVAY when you buy Soda Ash because 
Solvay is and has been the standard of quality since 
1881. It offers the following advantages: 

More than 99.50% Sodium Carbonate (dry basis). 
Proper granulation and absolute uniformity in quality. 
Your choice of Soda Ash graded for efficient use with 
any of the known commercial glass sands. 

The services of a well organized technical staff which is 
available to Solvay customers. 


Make Solvay your source of supply for 
DUSTLESS CALCINED 98-100% 
POTASSIUM CARBONATE 
Hydrated 83-85% Potassium Carbonate 
Ground Caustic Potash 


Full information sent on request. 


SOLVAY SALES CORPORATION 
=~ = Alkalies and Chemical Products Manufactured 
Na) by The Solvay Process Company 

40 RECTOR ST. NEW YORK 


Ceramic Service? 
Give 


We Manufacture— 
Pins 
Stilts 
Thimbles 
Spurs 
Saggers 
Crucibles 
Tile for Decorating Kilns 


THE POTTERS SUPPLY COMPANY 


EAST LIVERPOOL, OHIO 


We Sell— 


Ball Clay 

Sagger Clay 

Wad Clay 

Ground Fire Clay 
Bitstone 

Fire Brick 

Imported Paris White 
Domestic Whiting 
Pottery Plaster 
Georgia Kaolin 
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COSTS 


HEMICAL stability and high 
refractoriness are outstanding 
qualities found in Alundum Plates 
for ceramic kilns and furnaces. 
Norton Company, long experienced 
in the manufacture and burning of 
ceramic products, has developed 
Alundum Refractories to their pres- 
ent state of high quality and effi- 
ciency from a complete knowledge 
of high temperature requirements. 


NORTON COMPANY 
WORCESTER, MASS. 


SPECIAL 


-glad to study your kiln or 
furnace problems and rec- 
ommend the most suitable 


NORTON 
REFRACTORIES 


NORTON) 


R-553 
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H. C. SPINKS CLAY COMPANY 


Miners and Shippers of 


BALL, SAGGER AND WAD CLAY 
NEWPORT, KENTUCKY 


December 1, 1936 


Mr. Pete Potter 
Comfortable Sanitary Pottery Mfg. Co. 
Pottsville, Ohio 


Dear Pete: 


Throw your pottery cares away 
Take Christmas off and an extra day. 


Christmas comes but once a year, 


To you and your family—-LOTS OF CHEER !!! 


Sincerely, 


General Manager 
RBC:MLN H. C. SPINKS CLAY COMPANY 
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Sodium Antimonate 


For years M & T Sodium Antimonate 
has set the standard. The finest opaci- 
fier that modern methods can produce, 
it is always uniform, always pure. 
Every barrel of M & T Sodium Anti- 
monate is exactly the same, both chemi- 
cally and physically, as every other 
barrel. 


And, this quality opacifier is more eco- 
nomical. Rejects, due to off colors, 
become rarities. Whites, whether blue 
white, cream white or some other hue, 
do not vary a shade from one year’s end 
to the next where M & T Sodium Anti- 


monate is used. 


Our Ceramic Department will gladly 
help in solving your enameling prob- 
lems. Homer F. Staley is manager; 
R. R. Danielson, director of research. 
Metal & Thermit Corporation, 120 
Broadway, New York, N. Y. 
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